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SPLITTING OF SPECTRAL LINES AT SCATTERING 

BY LIQUIDS * 

By SACHINDRA MOHAN MITRA 

Physics Laboratory, Dacca University 

[Reccivi^d fo) [yubUcaiion, Dcccmbet 1939) 

ABSTRACT. Tho thu- htructure of the Rayleigh line due to the iiioleeulai scattering in 
liquids has been investigated withal* P etalon and the Us (j fine structure coniponcnts are 
identified, the higher coniponent reported bv Gross being absent. '1 he question of the reality 
of the red shift of the Rayleigh line f)bserved by Cabannes and his co-workers wdth a F. P. 
clalon has also been examined and it lias l)een sliown that there is no sneh red shift. 

The (observed values of the shifts of the displaced eoinponeiits from the central ones wne 
always found to be greater than the values calculated from tlie Brilouin’s equation. 

The dependenee of the frequency shifts of the spliUvd components from the central main- 
line.s, on th<' following has also been investigated : 

hb Tlie frequency of the incident light. 

(b) Angle of the scattering. 

The influence of teiiiperaturc on the splitted components has also been examined and it is 
found that the splitted conipcmenls become fainter and broader, gradually merging w ith the 
central undisplaced components as the temperature of the liquid is raised The intensity of the 
central components also is gradually increased. Gii the other hand, opposite effects were ob- 
served on lowering the temperature of the liquid. 

The* state cjf polarisation of the three components w'^as also examined. The results indicate 
that all of them ore completely polarised 

. INTRODUCTION 

II is now well known that the molecules of a gas are capable of three types 
of inoveincntSj, namely, translational, rotational and vibrational movements. When 
a beam of monochromatic light passes through a gaseous medium and is scattered 
by it, each of the aforesaid movements are callable of giving rise to changes of 
frequency in the scattered radiation, viz., a Doppler effect due to the translatory 
motion of the molecules of the gases and Raman effect duo to their rotations and 
vibrations respectively. The Doppler effect, generally, shows its presence in the 
form of a simple Maxwellian broadening of the lines in the scattered spectrum; the 
broadening would be a function of the angle of observation, being zero in the 
direction of the incident light and maximum in the reverse direction. 

Part of a thesis approved for tHie D.Sc. degree, Dacca University, 1938. 
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Hill wlicn we f)ass from the case of a gaseous nietlium to that of a licjiiid, 
\'arioiis complications arise from tlie fact that the positions and the velocities of 
the molecules are no longer distributed ** at random and as such it is not possible 
nmegard tile molecules as being completely independent scattering centres. The 
nature of the Doppler cHect expected in such a medium would naturally be com- 
pleN. An insight into the nature of the Doppler effect in liquids was furnished 
by the theory of the light scattering originally put fonvard by Riiistein.^ In his 
theory the molecular structure of the scattering medium is ignored and fluctuation 
of density arc regarded as a rising in it from the presence of sound waves of 
various wavelengths associated with the thermal energy of the medium. These 
sound waves produce stratifications in the optical density of the medium and give 
rise to a selective scattering in directions determined by the wavelength of the 
incident liglit and of the reflecting sound wave. 

l^ater Brillouiu pointed out that on this view, the light reflected by the trains 
of sound waves should exhibit a Doppler cllect which would take the simple form 
of a doubling of the lines in the incident siieetnim, the frequency of the spiitted 
eoiiqxaieiits being given by the relation 


v=vq + 2 V(,^' sin Oj?, 


(i): 


where v and r are the velocity of tlie sound and of light in the medium, 0 the 
angle of scattering, vo the frequency of the incident light. 

A similar relation was also deduced by Mandelstam'^ from a somewhat 
dilTereiit consideration. The possibility of a change in light frequency according 
to the equation of Brillouin was also pointed out by Rocard <Sr Bogros.'* 

During the last few years a large number ol w^ovkevs reported the results of 
tbeir investigations on the subject of the true structure of the Rayleigh tadiati(n\ 
in liquids, hut their results are highly contradictory as will be evident from the 
following. Cabannes, ’ while investigating the nature of the Rayleigh scattering 
in liquids and gases with a Fabry-Parol etalon, claimed to have observed a shift 
of the Rayleigh lines at scattering towards the greater W'avelength, generally 
designated as ‘^Cabannes red shift. Very similar results were also obtained l)y 
Vacher with a F. P. etalon. Toiler Gross, ‘ working with a Liimiiier Plate, found 
Ihe splitting of the incident s])ectral line at scattering by the liquids, f.c., a line in 
the position of the incident radiation accompanied by a series of comijonciits 
symmetrically situated on either side of the central line. The frequencies of these 
components were found to satisfy the relation 


v==vo ± 2 nvo- sin 6*/:? 
c 


h) 
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where w— T, 2, 3 , and r,, tlie i'lequency of the itieidenl radiation. But 

Rafalo\vski/‘^ working with Ltuniiier Plate, was unable to observe either the 
CB'Oss splitting ” or the Cabaniies red sliifls. ” Mayer and Rainui and 
later Ranini, ' working with an etalon grating, claimed to observe the first (iross 
components on either side of the central undisplaced line but could not detect the 
other components as reported by Gross. In view of the unsatisfactory state of the 
subject we undertook a systematic study of the subject using a Fabry-Parot etalon. 
The choice of this instrunicnt was guided by tlie fact that those who used the 
same were unable to observe the (boss splitting but instead some found the 
Cabanues red shift — a fact which is rather very perplexing. In our investiga- 
tion,* ’ in all the cases of the liquids we have found tlie splitting as reported by 
(b'oss, the first components corresponding to n = in (a) being alone present. 
We were unable to iind eithei Ibe higher components or the red shift. Simul- 
taneously with our investigation Kao*‘^ and Khvoslikov* ' all independently 
claimed to have liecii able to observe Uil (boss splitting with a F‘abry-Parot 
etalon. 

The present paiier gives a detailed report of onr investigation under Ihe 
following headvS : — 

A. How far the value of the shifts r as oliservcd agree with the value 
calcidatcd from the Biillouiii’s e(]uatioii. 

B Oependeiice of Av— oil the aiigie of scattering. 

C. Dependence of Ar on the w avc-ieiiglli of llie incident light. 

1 ). Influence of temperalnre. 

F'b Tlie nature of the iiolarisation ol the splilted components as well as of the 
central undisplaced components. 


K X P B R T M Til N T A L A R R A N O B M B NTS 

The experimental ariangenient, at first adopted in our experiment, is practi- 
cally the same as that employed by Cabannes and his co-workers. The arrange- 
ment is shown in figure i which will speak itself. Tight from a cooled mercury 
arc is condensed with a lens through the window 'ic, on to the centre of two 
horn-shaped cross-tubes containing the liquid under investigation. The radiation 
scattered at right angles condensed on to the .slit of a spectrograifli by lenses 
after has passed through the Fabry-Parot etalon. In the cases of the observa- 
tions at angles 135*^ and 45” cross-tubes of the forms given in figrrss 2 and 3 
weie employed. For the observations at 180®, we have followed the e'"])eriniental 
arrangements of Mayer and Ramm.®’ 
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In some ijascs vve also employed tlie following aiTangemenl. The repeatedly 
vacciim distilled liquid vvns contained in a horizontal Wood liihc. A parallel 
beam of light froiii a horizontal mercury arc lami) was made to illuminate the 
side of the Wood-tube along its axis Iw means of a big ieiis The interference 
lings system was focuSvSed on to the slit of the spectrogiaph. In order to remove 
the jiossibility of stray liglit getting into the F. F. etalon a cone-shaped cap was 
placed on the observation side as shown in the figure. The Wood tube was 
surrounded by another tube and cold water at the laboratory temperature was 
continually circulated through the annular space by means of a small circulating 
pump in order to maintain the temperature of the liquid constant. We have 
employed the spectrograpli in conjunction with the F. P. etalon because of its 
great advantage that the interference patterns of a number of lines could be 
photographed at a time on the same |jlale. 

In the case of the polarisation measurements a large square-ended nicol is 
placed between the obseivatioii side of the cross-tube (Fig. i) or the Wood tube 
and the F'.P. ctalon—the fringes being focussed on the slit of the spectrograph 
by another lens. Two sei)arate spectra were recorded in each case, one with the 
nicol liaving its vibration axis vertical and another with the vibration axis 
horizontal. 

The interference patterns of the three linCvS A435S, 4078 and 4047A were 
examined and the displacements of the new-splitted components measured 
without any confusion arising from the presence of the hyperfine structures 
components. 
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II o W* V A K T H 1 ^: V A Tv U K S OF T 11 F S H I V T \ R K H \V I T TT 

THAT C A L C U L A '1' H T) W T T H H Iv Tv o V T H T< 

11 U 1 L I. O U INS Iv (J U A T 1 O N ? 

We have studied the scattered radialioiib with llie K>P. elaloii m the cast: 
of a large number of liquids — benzene, toluene, carbon leliacliloride, carbon 
disulphide, methyl alcohol, cyclohexane, cyciohexauol, etc., with a view to finding 
out how far the value of the shifts Av agree with those calculated from the 
Brillouiii's formula. For if a complete agreement between the calculated and the 
observed value of the shifts Av be obtained, llien this splitting of the spectral 
lines at scattering by liquids gives us an optical method for the determination of 
the velocity of sound in liquids. 

In all the cases of the liquids — as already mentioned — we have found the 
splitting as reported by dross, tlic first comfoucvl corresponding^ to n- 41 bein^ 
alone present . The higher coinpoiicnts observed l^y dross were totally absent. 
The Cabcinncs red shifts wcie also ncvci obseivccL The values of tlie shills are 
given in the following table i. The values of Av calculated from the Brillouin s 
equation 

Av = 2Vo— sin^/2 


are also included in the tables 

Tapj.e T 

Angle of Observation “ nh. 
Wavelength of the incident light — 4358 A 

in nn.'^ 


Liquids 

Observed. 

Calculated. 

difference. 

Uenzenc 

•237 

• 2nf) 


'T'oluene 

•235 

' 2 J 4 

-021 

Carbon tetrachloride 

'177 

•154 

'O23 

Carbr»n disulphide 

! *239 

■211 


Methyl alcohol 

1 'J 94 

■170 

*024 

Chlorobenzene 

237 

'214 

•033 

Cyclohexane- 

... ; ‘313 

-192 

■oai 

CyclobexarK^l 

; * 3^9 

'265 

•024 
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The values of At as observed arc always found to be greater than that 
ealrulated from the formula, the difference being shown in column 4. In these 
calculations the experimental values for the velocity of sound ol)tained chiefly by 
Kundt tube method were employed. The velocity of sound calculated from the 
coefficient of compressibility and density of tlie licjuids also do not give values 
of Av vvhich are in agreement with the observed values of At-, 

Tabcu II 

Angle of ( )bservation — r. 

Wavcdeiigth of the incident light — 4357A 

in cm, ^ 

hiaaiil I )ifk'ruu 1“^ 

i 

I 

ncnzciic .. 332 ' 

I 

Carl.»r>n tctr.'K’lilnridL ... | 2n 027, 

Such a difference l)ci ween the observed and llie calculated values lias also 
been observed by (?ross* and Mayer and Ramin with a Luinmei Plate. But Ran 
Wk)rking with P,P. etalon reported fail agreement within the errors of measure- 
incnts. Their values arc given below together witli ours in table 

Tauck 111 
Benzene 

Angle of scattering — tt 
W avelength of the incident light = 4358A 

A»' in ; 


Authors, 

1 

1 Cak'ulolcd. 

. L 

\ Observed. 

Difference 

Mayer and Ramm 

1 -295 

■320 


Rao 

... ! 

•306 

-oil 

Mitrn 

... 1 


'^37 


It is evident from the above table that our values agree with those of Mayer 
and Hamm rather than with Rao’s. 

* Gruss ill liis earliest cuimiiUTiicatton reported complete agreement Ijehveeii the 
calculated and observed values, but Inter on he observed a difference. 
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Jii the cnses of the liquids, there was a continuous hat kground super* 
imposed, on the interference i)attcriiS. The intensity of this continuous back- 
, ground was most intense in the case of carbon disulphulc and cyclohexahol 
and very feeble in the case of carbon tetrachloride. This intense continuous 
background radiation made the distinct reproduction (^f the spectrograms 
impossible. 

The width of the disi)laced and unshifted conii)onenls as well as iheir inten- 
sities were not the same for the diltercnt liquids. The width is less in carbon 
disulphide, carbon tetrachloride, tulnencr \vhich gave shifted components very 
distinct. Methyl alcohol , cyclohexauoi and cy|:lohexane gave rather dilTused 
c o mponents whereas the width in the case of benzene was midway between the 
aforesaid two classe.s. Here it is to be injted that we have been able to observe 
splitting in the case of viscous liquid, cyclohexauoi, which is very significant 
in the face of the result obtained b)- tlu^ Raman and Rao and by Raman and 
Venkatas waran.^’’ 

'fhe intensities of the displaced com[)oncnts in the case of carbon tetracliiorkle 
were most intense. 

According to the Brilkuiin theory, the central unmodified lines (corre.spondiiig 
to in equation a) should not be present in the liquids. But they were observed 
in our investigations with all the liquids. The intensity of this central undisplaced 
component was most intense in the case of carbon tetrachloride, showing that its 
presence is not to ba primarily asLTil)able to the optical anisotropy of the liquid. 

n H p R N 1) u N c n o 1 ' r ir p: s rr r p t a n r i-i n w a v k l r n a r h 

OP' TTIR rNOrPRNT blOITT 

Brilloiiin theory points out that the frequency shifts should depend on the 
frequency of the incident light. Here wc experimentally attempted to observe 
whether the shifts do depend on the incident frequency. 

The b)rjovving tables give the results of our investigation. It might be noted 
here in [)assing that our values of Ar in the case of CCU agree with those of 
Rao/® who has recently redetermined them using improved technique. 

Tampk IV 

Angle of scattering ~ “ 



I 

Wuvr length. 1 

Observed, 

! Cttlcutated. 

Difference 

Hen/en<j 

435 ^ 

•332 

I ... i 

*037 


4(^8 

■348 

■315 ■ 

■oa 3 


4047 

•251 

i -318 

j ‘^'33 

Carboiit elradiloride 

'I358 

•248 

! 32i 

■027 


4078 

258 

*36 

i *022 


4047 

264 

' 238 

i *026 
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Wc have also calculated the differences of the shifts Av for 
A.4047 and A4358 for benzene and carbon tetrachloride, the following gives the 
result. 


Table V 

Difference between the shifts Av for A4047 and 43S8A 
Angle of scattering — TT 


in cm/* 


Liquid 



1 

Observed, | 

Calculated. 


019 ' 

1 

■023 

Carlfiii tcirachloridt* 

I 

oj6 

‘01? 


Measureincnls were alscj made at go'' angle of scattering I the following gives 
the results of our measurements. 

Table VT 

Angle of scattering = »r/ 2 


Liquids, 

Wavelength. 

1 A*^ in cni/^ 

1 Observed. 

Ben/etic' 


’337 


407ti 

•349 


40^7 

•241 

tetrachloride 

4358 

•177 


4078 

•190 


4047 

•194 

CarlHjii disulphide 

4358 

•339 

i 

4078 

• 

‘259 


4^47 

*264 

Cyclohexane I 

4358 

•213 


4078 

‘224 


1 4047 

•23J 
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Splitting of SpQctrol l^ines at Scattering by Liquids 

The foregoiug results conclusively show experimentally that the frequency 
shifts of the splitted Gross components depend on the frequency of the incident 
light. Here also vve tind that the calculated and observed values do not agree 
whatever be the incident wavelength, aud the difference between the calculated 
and observed values is nearly the same for all the wavelengths of the incident 
light. 

VARIATION OF THE S II I F T.S Ai^ ON T IT K ANGLE 0 F 

S C A T T E R I N 

In our present investigation we have also examined the scattered radiation 
at the different angles of scattering in order to study the variation of tlie shifts 
with the angles of scattering. We may here point out that the Brillouin^s equation 
I joints out that varies with the angle of scattering. 

The following tabic gives the values of the sliifts for the four angles ol 
scattering. We do here also ilnd a great dependence of the amount of the shifts 
of llic Gross components on the angle of the scattering, as would be expected from 
the Brillouin’s equation. 


Tabi.e VII 

Wavelength of the incident light ~4358A 







A»'j8o“ 


A*^ in cni."^ 

Obiserved. 

A»' 9 o“ 

I/i |uids. 







iSo" 


go'' 

•15' 

Observed. 

Calciilrited 

r’r.uzoiie 

■332 


•237 

•149 

J -42 

J -42 

Carbon disiilpliidi' 

■328 

-292 

•239 

^50 

1 38 

142 

Carbon tctiachloridc 

•248 

— 

■177 

— 

1*40 

1’42 

Chloroben/tMie 

'335 

•26S 

•337 


141 

1*42 

Tidaene 

•316 

•270 

•235 

— 

1-35 

1-42 

Methyl alcohol 

■274 

1 

194 

— 

X-4I 

1-42 

Cyclohexane 

‘302 


•213 

— 

r4i 

1*42 

Cyclohexanol 

.407 

__ j 

•3IS 

289 

— 

1-41 

1-42 


According to the formula the ratio of the amounts of the shifts at iSo*’ and 

_ . rt < o • QO . 

go IS equal to the ratio of the sine of 90 aud 45 , i.e., r- o . _o 42; 

i-AVyo Sin 45 

this fairly agrees with the values calculated from the observed shifts, as is shown 
in the aforesaid table. 
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1 N ]■' I< Tf Tf N C ]C O !'■ T C M 1’ E R A T IT R E 

We have also exaiiiiued in our present investigation tlie influence of tempera- 
ture on the Doppler eoiiiiJoncnts. Besides the data collected by Rao and Raman^^ 
and Rao very little work seems to have been done in this direction. Moreover 
their results are more or less of qualitative nature. In view- of the expectation that 
the results obtained in the study of tlie influence of temperature might lead to 
interesting i)oints we carried out an investigation on the influence.of temperature on 
the (boss components in l^enzene, carbon tetrachloiide, toluene. 

In the case of the i»resciit measurements, thu experimental arrangements are- 
as follows. 'I'lie liquid under observati(»n was enntained in the wood lube, w'hieh 
was ctmtained in a bath, the teiiiperalure of whicli can be varied at ease. 

For the measurements at the higher lemeralure the liquid (water) in the bath 
was healed electrically hy a small iiichrome spiral immersed in it. By regulating 
the current through the nichioiiie wiie, the Icmpeiature of tlie bath may be made 
constant to any desired point. In case of the low temperature measurements, 
the bath contained iced water. An accurate thermometer in the w'ood 
tube served to measure the temi)C‘ratuie Our results are suniinarised 
bcilow 

'J'lie spectrum of the light scattered by the aforesaid liquid at the ordinary 
temperature C) shows the l)o])plei C()m]K)neiits more br less distil etJy on 

either side of the central uiishifled line when examined thiough the V B. clah n 
ill all the cases of tlie liquids examined. But as tlie temperature is gia’n.tly 
raised the following clianges take t)lace . — 

(a) The amount of the shifts Av decreases gradually. 

({)) The Dopider components become fainter and l)rnader, ultimately nieiging 
with the central component. 

(r) The intensity of the central ccmiponcnts gradually inci eases. 

On the other hand, when the temperature is gradually low ered the following 
opposite changes were observed : — 

(a) The amount of the shifts increases gradually. 

(b) The Doppler component, on either side of the central line, become more 
sharp and intense. 

(r) The intensity of the central camponenl gradually decreases. 


0 N T n E: POL A R I S A T 1 O N O V T PI E I) O P P L E R CO M P O N E N T vS 

In our present investigation we have measured the state of polarisation of the 
spHtted as well as of the undisplaced component in the case of the liquids cyclo- 
hexane, cyclohexanol, methyl alcohol. 



splitting of Spectral Lines at Scattering by Liquids / / 

Previoiisly. (h'oss also ill vesli.i:ialed the initure of the polarisation of the 
displaced and undisplaced comj)oiieuls in the case cd' carbon tetrachloride and 
benzene. lie found that while the tuo Ihillonin components were completely 
polarised^ as iS to be ex[iccted theoretically, the central nndisi»laced component 
was also completely polarised. ITis conclusion was later confirmed by 
Kao.^'* 

In our investigations in all the licjitids examined we observed that all the 
three components are completely polarised, as was reporled by the aforesaid 
woi kers. 

In conclusion the author thanks Prof. S* N. Bose and Mr. vS. K, Mukheijee 
fuj their kind interest in the work. 
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INPUT IMPEDANCE OF HIGH-FREQUENCY PARALLEL 
WIRE TRANSMISSION LINES IMMERSED IN AN 
ABSORBING MEDIUM * 

By S. S. BANERJEE. D.Sc., 

Benares Hindu University 

{Received foi pubhciiiion^ Ih'cCftiher jQ^g) 

ABSTRACT. I hr input iinprclaiuc ol hijili frccjutMic v parallel wire- traiisnhssion lines, 
(juartei wav'elengHi has hceii inaUieniati('alIy ealriilalcd \\ hen th(' lines are iinniersed in 
an absorbing incdiuin Tlie enh'nlated values have been verified by art nail v dcteiiniiiing 
the impedanee of sneh lines immersed in div soil. Tin- impedance has j)een dolennined for 
lines shf)rl -circuited at tlieir far ends and also \v]jen these ends are open. The method of 
performing the experiments has been described The measurements have been made within 
the frequencies of 31 megacycles / sec to j 14 megacycles / sec, The results obi aiued have 
been compared with tliose when theie is no absorbing medium between the two parallel wires. 
T 1 has been obsei ved that w’itliin the range ot the fiequeneies employed for observations, the 
input impedance of such system cjf quarter'W’ave lines remains nearly equal to the surge 
impedance of the lines at higher Ircfjueucies, when the attcnuaiion is fairly high, for both 
open as well as chise terminated liiu s Tt tends to increase as the fn'qi](‘ncv is lowered and the 
attenuation constant is below' 3x10 in tlic case of the lines w ith shorl-rircuited termination. 
E^)r the opeii-endcd lines however, tlic impedance decreases as the frequency is reduced. 

INTRODUCTION 

Parallel-wire high frequency traiLsinissioii lilies^ have gained a very wide 
application within the last decade in connection with comniuiiications by means of 
ultra-short radio waves. In most of the cases, such lines have been used for 
the purpose of transferring energy from one part of the apparatus to the other 
or as an impedance matching tranvSformer Recently, however, such transmission 
lines have been employed by the present author and his collaborators (1,2,3) 
the determination of various electrical constants of an absorbing medium like 
soil and ionized gas at ultra-high frequencies. In whatever form the transmission 
lines may be used, the knowledge of input impedance of such a system is 
essential for proper functioiiixig of the lines. The impedance of such lines for 
different lengths, when placed in air, has been worked out by various authors (4,5) 
but attention has not been directed to its effective value when the lines are 
immersed in an absorbing medium. In the present paper the input impedance 
of parallel-wire high-frequency transmission lines, quartei -wavelength long, with 


* Cotntuunicated by the Indian Physical Society. 
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open as well as short-circuited terminations, has been worked out mathematically 
and the values thus obtained have been verihed experimentally. The results 
have been compared wiih those when there is no absorbinj:^ medium between 
the wires The medium used was well-sieved dry soil as employed in the 
l)revions exi)erimcnls (i) lor the determination of electrical constants of soil. The 
obseivatioiis were made with the fre(piencies between 31 megacycles per second 
to 114 megacycles I »cr .second. 


r n K o K Y 


The input iiiipedanoe of a system of parallel wire transmission lines is 
given by, 

y _ /rf Cosh / (A -i- jll) H-Z„sinl] / (A -1- jJl) , >> 

" ' ~ Z„cos]i / (A’-i- ;B) H- Z„sml) i (A + jif) 

where, A — Attenuation constant, 

It — Wavelength constant, 

Zf, — Surge impedance of the lines, 

Zfl =■- Impedance at Ihe far end of the lines, 

/ = Geometrical length of the lines. 

lyet us now consider the condition when there is enough absorption due to 

the presence of soil or any such medium I)etvvcen the two wires, so that the 

attenuation may not be neglected. By expanding the terms in equation (1) 

and after further simplification, we get, 
r' 

y _ 2 -^a-leosh /A cos/B 1 ; sinh /A sin /B f 4 Z„{sinh /A cos /B_+ j c^’f^h /A sin /B} 
Z<Teosb lA cos /B 4 j shih I A sin H-Z,,{siiih / A cos /B + f cosh I A sin IB} 

... (2)“ 

For the sake of convenience, lines qnarter-vvaveleiigtli long have l)een used 
for the measurements and therefore, the impedances for such lengths only have 
beed discussed below. 

For fines quarter wavelength long, we have IB — 77/2 and substituting this 
value of IB in equation (2), the input impedance of the lines will be given by, 



Zfl sinh lA 4 Z„_^sh I A 
Za sinh iA + Z« cosh 


(3) 


The input impedanc‘c of the liues for two terminal ('ondilions have been 
considered. First, when the line is short-circuited at its far end aud the second 
when it is terminated with open ends* 

Case (x). Quarter- wave long trausinission lines with short-circuited ter- 
mination. 

When the line is short-circuited at its far end, the terminal impedance 
Z,==o* and substituting this value of Za in equation (3), the inpuf impedance of 
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the line will be given by, 

Zi = Zo coth (AA/^) ’ ... (4) 

Some interesting points may be noted in equation (4). When attenuation 
is large, which is true for most of the ijraeticai cases at higher frequencies, we 
have tlie input impedance nearly equal to the surge impedance of the line. But 
when there is no absorbing medium between tlie parallel wires, we haAX‘ the 
input impedance, obtained from the well-known relation Z, —Z 5 J/Z«. 

Thus we may conclude that vvhenever there is an absorbing medium 1 between 
the line wires, the input impedance ol the line, quarter-wavelength long and 
short-circuited at the far end, ceases to he very high and for most of the i)ractical 
purposes it is equal to the surge impedance of the Hue. This has been exi^eri- 
mentally verified as shown in the later section. 

Case (13). (Juartcr-wave long transmission lines with open-circuited termina- 
tion. 

In this case the terminal impedance of ihe lines, Za — Xc Substituting 
this value of Z., in equation (. 0 , the input impedance of Die line will be given 
by, 

Zf — Z„ tanh (Aa/|) ... (5) 

It will be observed from e(juatiuii (5) that fo\ greater attenuation, the im- 
pedance of suc’li line liecoines C(|ual to the surge impedance of tlie line. When 
there is no absorbing nicdiiun between the lijie wiies, tlie ini)iil impedance of sncli 
line vaiii.slic'S. The values of the input impedance calculated from ecjiiatioii (5) 
weie veriried experimentally as shown later. 

It will 1)0 further noted from eciuation (3) that when tiie quarter- wave line 
inunerscHl in soil is tenniiiated at Us fai end with a resistance equivalent to the 
surge impedance, Z,,, of the line, the input impedance remains equal to the surge 
iaij)edance under all comlitions. 'riiis is similar to the case of the line without 
bjing immersed in an absorbing medium. 

n X V K R T i\i n N T A h ^ k r a n (; iv u r n t s a n n o p, vS k r v a i o n s 

The soil after being properly sieved was kept in an open, rectangular, long 
wooden ))0x of dimensions, 250 cm. x 11 cm. x to cm. with two smaller sides made 
of ebonite. Two bare copper wires, no. 14 s.w.g,, were fixed on one of the small 
ebonite sides with binding screws and the wires were made tight and to run 
parallel along the Icngtli of the liox. They were terminated on tlie otlier small 
ebonite side and were attaclied to two adjustable hooks for proper tension. The 
wires were placed 5 cm. apart from each other. Wlien the iiieasuremcuts were 
taken with lines closed at its far end, the line wires were short-circuited with a 
metal bridge M (Fig. 1) at that end. The line wires hh were completely covered 
with soil pressed by its own weight. The wires could be connected by means of 
a double-pole double-throw switch S to a small variable micio-condcnser C, an 
inductance loop loosely coupled with a valve-generator and a radio-frequency 
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tliennO'galvanometer T. "I'he valve-generator could emit out waves of lengths 
2 metres to lo metres as required by the experiment. 



The switch S is tlirown on the terminals i, 2 ^Fig. i) and the circuit is tuned 
for resonance at the particular frequency generated by the valve oscillator with 
the help of the variable condenser C. The switch is then thrown on 3^ 4 and 
again the resonance capacity is observed in the micro-condenser. The resonance 
conditions are observed by the maximum response in the thermo-galvanometer. 
If Cl and Cj be the two values of the capacities at resonance, the line impedance 


is coni])uted from , ^ , where oj is the angular frequency of the waves. ' 

As the values of the capacities Ci and C2 were l)oth small, being only some 
fraction of the micro-condenser itself, the exact inagnitudus of the.se were deter- 
mined by a separate Lecher wire system with the same frequencies at which the 
observations were taken for finding out the resonance cai^icities. The inicio- 
condeiiser was connected to one end of a pair of l,echer wdres and positions of 
current antinodes were observed by a thernio-galvanometer. The capacity was 
calculated as shown below, from the dilTcrence between the length measured 
from the end containing the condenser to the first aiitinode and the length be- 
tween two consecutive aiiliiiodes. If the difference in the length is denoted by 
'Si, the unkuovvn capacity C, can be calculated from the relation, 


C. 



I 


where / = distance between two consecutive antinodes, 

C— capacitance of the Lecher wires. 

A calibration graph was drawm from dillereiit values of the micro-conderiscr C 
from which any value of C., could be determined knowing the corresponding 
value of The attenuation constant of the soil was measured at different fre- 
quencies by the method applied by us (i) in the previous experiments on electrical 
constants of soil. 
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Table I below gives the attenuation constants determined at the wavelengths 
used in the experimental investigation. 

Surge impedance of the line =470 ohms 
Table I 


Frequency in 

Attenuation 

mcgacycles/sec. 

constant. 

113-64 

9'68 X 10“ * 

93-75 

6-41 .. 

8i-o8 

5-38 .. 

69.42 

4-31 „ 

63.16 

3 15 >» 

57-9* 

2 X2 „ 

49-83 

I-OI ,, 

40 00 

6-20 X 10”* 

3261 

4*10 „ 


I 


Table II below gives the input impedance of the transmission lines immersed 
in soil, quarter- wavelength long and short circuited at the far end. Table III 
gives the same for transmission lii\cs terminated with open ends. Second column 
of these tables shows the calculated values and the third column indicates the 
observed ones. 

Tabi^k II 


Frequency in 
megacyclcs/sec. 

Input impedance in 
ohms calculated from 
Z>»*Zgcoth (AA/4) 

Input impedance 
in ohms observ^cd 
experimentally. 

113-64 

470-0 

461-4 

9375 

470.0 

466.7 

81 *08 

470.0 

455*4 

69.42 

470-1 

452-8 

63.16 

470-7 

479*6 

.57-91 

473-3 

479*6 

49-83 

518-2 

532-2 

40-00 

5785 

5968 

3^61 

639*5 

632-0 


3 
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Frcquciiry in 
incgacyekij/.stc. 

. Inpat ipjpedancc ip ; 

otmis calculated from 

Input impedance 
in ohms observed 
experimentally. 

ii3'64 

470-0 j 

1 .463-6 

9375 

470-0 { 

474-3 

81 '08 

470-0 1 

i ”462 -8 

69-42 

469-9 

459-4 

63-16 

469-3 

455'^ 

5791 

466- 1 

455-0 

49-83 

426-3 

410*3 

40-00 

385-9 

- k.. 

404*6 

32-61 

. J . 

345-4 

3nr3 


Comparing ill S values of attenuation constant from Table I with those of the 
impedance of the hnes given in Tables II and III for the same , frequencies, it will 
be. observed that for higher. frequencies, when the attenuation is considerable, Uie 
impedance of the quarter-wave long transmission lines with open as well as 
cjloscd tenniUiations, remains equal to the surge impedance of the lines. As the 
frequency is lowered till the aUenuatic)ii constant goes below 3 >< ur^, the im- 
pedance of the lines with closed termination gradually iucrcases and that of the 

1 J. . J , L ' ' . . ! 'J ■ ' 'I / ' ■ ' ' I. ' ^ ' i I 

line with open. termination decreases. 

The variations of input impedance, of . quarter wave long transmission lines 
for short-circuited and open -circuited terminations, when they are immersed in 
soil, l^jiyebeeu shown graphically in Figs-, a- and 3 respectively. , The continuous 
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lines have been drawn from the calculated values and dotted ones from the experi- 
mentally observed results. 



Figure 3 

SUMMARY AND CONCLUSIONS 


The input impedance of parallel-wire higli-frcquency transmission lines 
quarter-wavelength long has been mathematically calculated and verified by 
experiments. Lines have been used with their far ends open and also when they 
are short-circuited. Results obtained have been compared with those when the 
lines are not immersed in an abs orbing medium. The frequencies used for the 
purpose of measurement of the impedance were betw^ecu 31 megacycles /sec. to 
114 niegacycles/scc. It has been observed that within this range of frequencies 
the input impedance of quarter-wave long transmission lines with open as well as 
closed terminations remains nearly the same as the surge impedance of the lines 
at higher frequencies, when the attenuation is considrerable. At lower frej^uencies, 
however, when the attenuation constant decreases below 3 x 10“^, the impedance of 
the lines with far ends short-circuited, increases as the frequency is lowered. For 
lines with open termination, the impedance decreases as the frequency is reduced. 

The author desires to express his thanks to Dr. B. Dasannacharya, Head of 
the Department of Physics, for giving all possible facilities during the course of 
the above investigations. 
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ABSTRACT. Simple aud direct proofs (substantially follow ing Kennard and Condon) are 
given of the three distribution laWvS, viz,, Mnxw^ell-IJnll/niUiiin, IVmii-Dirat' and llose-Rinsiein 
distribution. The properties of Bose-IJinslem degenerate gas are discussed aud compared with 
those of Fermi-Dirac degeneracy. 

The thermal anomaly exhibited by helium at 2 19" Abs.— generally known as 
the A-poiiit* — has been the subject of many investigations during recent years. 
At this temperature helium shows a discontinuity in its specific heat, indicating a 
characteristic type of phase transition.! It has been found that its viscosity 
decreases suddenly at the A-point, and the entropy difference between 
the liquid and the solid phase tends towards zero with decreasing tem- 
perature, showing that the liquid [ihase goes into a peculiar state below the 
A-point. Recently Allen and Jones ^ have discovered that a transfer of momentum 
accompanies heat flow (the so-called fountain effect) in Hell while Daunt and 
Mendelssohn’s investigations ® show that a large part of the heat must be carried 
by some form of material transport. 

These unusual characteristics of liquid helium 11 have led F. Dondon to 
propose a new theory based on a peculiar condensation phenomenon of an ideal 
Bose-Kinstein gas mentioned by Kinstein some years ago in his well-known 
papers on the degeneracy of an ideal gas. This interesting discovery of Einstein, 
however, was seriously questioned and adversely criticised by Uhlenbeck ^ and 
remained buried in Einstein’s papers for many years. The credit of resuscitating 
it goes to F. London ® who not only proved the correctness of Einstein’s 
view but has also applied it in formulating a theory of condensation mechanism 
which has established, for the first time, the connection of Bose-Einstein degene* 

* The A-point temperature decreases with increase of pressure (about i/50*C per atmos- 
phere),, When the pressure is increased to about 25 atmospheres, liquid He 11 passes into the 
solid state. 

t See Bhrenfest, Text-book 0} Thermodynamics, 1937, pp. 128-133. 
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racy willi the problem of liquid helium. Uhleiibeck ^ also has now withdrawn his 
former objection to Einstein’s suggestion. 

According to F. London He II may be regarded a.s a degenerate Bose-Ein- 
stciti gas, i.e., as a system in which one fraction of the substance is distributed over 
the excited statc.s iu a way determined by the temperature while the rest is con- 
densed in the lowest energy level. If Nf, denotes the number of atoms condensed 
in the lowest energy state and (N-No) the number of energetic particles, i.e., the 
particles distributed over the excited stales, then 

= i-(T/To)^ 

wlicre To indicates the ''temperature of degeneracy/' The phenomenon of Bose- 
Kiiistein degeneracy has received only a desultory attention so far, partly because 
it appeared to be devoid of any practical significance, all real gases being condens- 
ed befote the temperature To and also because the magnitude of the various 
phyvSical effects, e.g., Joule-Thomson effect, Kffusion, Thermal transpiration, etc... 
exhibited by an ideal Bose-Uinslein gas is extremely small. However, the very 
smallness of an effect adds to it, at times, a special imi>ortance and interest. It 
will therefore be not altogether useless — and particularly because of the recent 
attempts at the application of degenerate Bose -Einstein statistics to the problem 
of He II — to discuss the phenomenon of Bose-Einstein degeneracy in detail, 
contrasting it with Fermi-Dirac degeneracy and (classical) non-degeneracy. The 
pre.sent paper is mainly intended to serve as a necessary background for subsequent 
papers dealing with physical properties of degenerate Bose-Einstein gas. We 
accordingly begin with a simple proof (substantially following Kennard and 
Condon®)* of the three dLstribulion laws, viz., Maxwell-Boltzmanii, Bose-Einslpin 
and Fermi-Dirac distribution. The second section is devoted to the derivation of 
, /expressions for the number and energy of i)arlicles of an ideal. BoseTliinstein gas 
in the State of degeneracy as well as ndn-degcneracy. The continuity/ of the 
energy curve from the non-degenerate to the degenerate region, the discontinuity 
of the Specific heat at T = To and the dependence of fnessurc on conceutration are 
discussed in the third section and expressions for entropy (non -degenerate .and 
degenerate) are also derived in the end. 

1. THE DTvSTRTBUTlON bAWS* " 

We know that the wave function of any free particle enclosed in a cube' of 
volume V — is 

sm — — sin (i) 

Ay Ay 

** The proof is here extended to include Bose-Einstein statistics. Kennard has With 

the classical statistics, and Condon has included the Fcriiii-Dirac statistics also. ^ , 
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charActccised by the energy value 




(2) 


The normalisation constant C is easily found to be 




I,ct us now consider an assembly of v similar non-interacting i)articlcs in the 
cube- The state of the assembly will be characlerised by 31' quantum numbeis 

(Ij, nil, ni)» (^2) ”2)* Os} ''Isj ’^3^ 1 etc., one bracket for each of the v 

particles. The energy of the assembly will be 


0711 r “ I 


U) 


The number of independent wave functions of energy less than or equal lo 


W, i,e,,W k ^ W, will be times the volume of a 3v-dimcnsioiial sphere 


of 


radius ^ j easily seen if we note that to each state there corre- 

sponds a unit volume in a S])ace of 31' dimensions (with co-ordinates /i, mi, vi ; 
1 2, n.2\ etc.). The factor arises, for we are concerned with only tlie 

positive values of Ir. Thus the number of states (indei)endeiit wave 

functions) * of energy < W is 


C. (W) = 


17 - + i) 

2 


\ 22 - 


(5) 


The number of wave functions lying between W and W + dW will therefore 
be. 


(W)dW=-^- 




,3^ 





3v (iW 

■ 7 w ■ 


( 6 ) 


• This is the total mi niher of wave functions neglecting symiuetry restrifctions that charac 
terise Fermi and Bose Statistics. ' • 
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We have now to introduce the concei)t of teinpemture and this can be done 
in two ways : {ij by an appeal to the second law of thermodynamics in one 
form or the other, (i/j by using the property of a classical perfect gas, that the 

average energy per particle, for it, is ^ kT, We shall follow here the second 

2 

alternative and consider the system (or the assembly) whose law of energy 
distribution has to be investigated in thermal contact with a perfect gas 
thermometer. 

In the case of a ]3erfcct gas we can rewrite (6) in a form suited to subsequent 

applications. In this case W= - vfeT, and for w very small compared to W, 

2 

we have from (6) 


C / 

V _ / _ 

“c,/(w) y w 


3^ — _ w 


(6a) 


Suppose a system A has energy levels Wi, Wj, and the corre- 
sponding weight factors* gu, gi, gx, I^et us find the probability r(a)^ 

that this system A has energy Wa. l,ct the total energy of the composite 
assembly, the system A in thermal contact with the perfect gas thermometer, 
beWtoW + dW. The energy associated with the system A is iCa and with the 
perfect gas thennometcr icontainiug i- particles;, W-w, to (W- 7 Va) + dW. The 
number of w'ave functions such that A is in the state of energy Wa and the v 
particles are in the stale of energy (W — Wa) to (W —Wa) + dW will be 


= g„.C^'(W-Wa)dW 
and therefore the probability P(a) will be 


( 7 ) 


ga.C^',iW-Wa)dW 

P(a)_ 


( 8 ) 


where S denotes the snm over all the states of A. Let the probability of A being 

I 

in the state of lowest energy Wp be P(oh 


then, 


P(a) = 


S£,;C,/(W-Ta,)dW 

S 


( 9 ) 


^ The weight factor of a state denotes the number of distinct wave fatictiotis corre- 
sponding to that state, 
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and using (6a) we have 


So' _ 7V„ 

fcT 


... (io)» 


or lHa) = c-.gii,- ... (ii) 

where c is a constant. 

If the system A is a free particle, then from (6) applied to one particle, we 
have the number of states lying in the kinetic energy range e, e + de, 

ga = V ... {12) 


... (13) 


So - y ~ j^2 - j ■ i.^sy-.Wa 

and therefore (omitting the subscripts), 


V{w) = b^v^dw.c 


where b is a constant. 


Tliis is Maxwell’s distribuHoii law. Tlie constant b can be easily determined 
by the iioriualisatioii condition that 


P ( w ) dw =61 d L(t . e 


... (i/|) 


6= 


... ( 15 ) 


We sluill now derive the distriinitioii law for Fernii-Dirac and Bose-Kinslein 
Statistics. We sujipose the system A, referred to in the above discussion, to 
consist of an assembly of N similar (iiidisliiiguishablc) particles — this assembly 
being ill thermal contact with the perfect gas thermometer. Fett-:, (r=i, 2 , ...) 
denote the eigen-values of the energy of a particle in the assembly A, and N 
the number of particles in the energy state e,.. Then 

N = SNr i = (jg) 

where iVa is the total energy of the assembly A. 

Let us think of a particular x^article-energy-slate and let 2F represent the 

(NJ 

sum (for any function F) taken over all those states of the assembly for which, 
in the energy-level there are N, particles (no more and no less), i.c., the sum 
extends over all possible values of Wa consistent with this one restriction that 
there be N, particles in the level e^. 

* Tt will be noticed that the exponential factoifi arise because the syslcni is in contact 
with classical perfect gas thermometer and shares energy with it. 
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WritiiiR* ) 

. ... (17) 

and ■a:'o=w,j' + N,,c, J 

wc lutvc ^'T Se . ... (18) 

(n,) (nJ 

^ is llie siun fur an (N - N J-parlicle assembly from which the state 

(n J 

f- ,, is cxcliuled (be., this sum is independent of J. 

ui ,' ::sr fcT ... (19) 

(n,) / (n,-i) 

/ 

then A bciiiti tlic ratio of the sums for (N- N ,,)-particle and [(N —Nj) “1" i]- 
paiticle assemblies (the state t\, being excluded for both) will be indcijendent of 
N » as N is very large compared to N .1 

Let us first find tlie distribution law for the case of hermi>l)irac statistics. 
In this case no two particles can he in the same quantum state, and therefore 
the allowed values of are onl}" o and i. For some of the vStates of the 
assembly, there will be a particle in the level (N., == i) and for llie rest, the 
level \viil be unoccupied, (N.<=o). We have to find the average value of Nj 
for all possible states of the assembly. 

Noting, from fij), that the probability factor avSsocialed with each state of 

_ Wa 

the assembly is proportional to c , the expression for the average value 

of N., will be, using (37J juid (19), 

- 

5o x e ^ -f Si X e 

N. = _M_. <J) 

_ _ Wg 

%e H- Sc 

(o) (i) , 

is kinnvn as the partitit>n function. 

] Strictly, there are states for which N. will be comparable to N, but these states, 

because of the expoiicntialfactor c , will be ineffective in tnir calculations, fSee equa- 

tion t2a).] 
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or U.C number N(.)J. of ,bc panicles |yj„p ta ,„e e„e„j, ,a„,e e is 

N(«)dc= N rt(e)rfc= - 

" ... (21) 

1 h'V 

a' "' 

where a(e) is giveu by (12). 

We now consider the case of Bosc-T'instein Statistics, In this case there is 
no lesUictioii on tlie nuniher of particles in the same (|uantuiii stale, i.c. no 
re.stnclion on the value of K,. The average value will Iheiefoie he givi>n by 

- . . w„ 


N 


_ (o) 


Voxr +2ixf. kr 


(i) 


I ^2X, 
(2) 


/,-T 


ve 


(22) 


7f ,, 


V,. ic-T 
(ol (1) 


H fcT +Ve /--T + 


(2) 

Avhicb on u.sing (17) and (19) reduces to 
A( 


'L' 

/r’f 


N, =- 


- 

I + zAc kT + /t’T 


_s _ 


_.,«J _ 26, 

I + Ae kT^ l AV k'l -j- 


Ae /‘-Tlx-Ae kT ] 


— \“i 

I -Ac 'er 



1 he jiumber N(e7)dt' of particles lying in the energy range e, <h di\ is 
N(€)de= N t/(e)ci€ == 



(23) 


(24) 


where a(e) is given by (12). 

To obtain the distribution law for a classical assembly in this way, we have 
to note that for a classical assembly all states are accessible, whereas for a 
Bose-assembly the symmetry leqnireTnen. imi)oses a severe restriction on 
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tile luiniber of the accessible stales. — This resUidion fnwi the view- l>oini of the 
phasc-ccAls means that in classiial siatislics ihe particles are dis'liriguishablc 
fiom cadi, other while in quanLuni statistics they arc indistinguishable , There- 
fore, the number of states for a (N - N J-particle asseinlily (classical) will be 
proportional to N!/Na!N"N,!, the uuniber of ways of selecting (N“N,) 
])artioles out of the total number N, and thus instead of (19) v\e have 



/ (N,:- 


e 


1} 


'/Cfi 


n' 




/>T 


A 

N.. 


or 





/v'l' 


N, ! 


and 


^ (Na-"!) / ; 

:=r^. /i’T 

^ N J 

(l) 


Thus, foi a classical asseinldy (22) simply reduces to 


N. 


(1) _ 


At 


kf 


(o) 


which is the classical ilistributiou law. 

2. We shall now proceed to derive the thermodynamical properties of a 
lk)se-Kinstcin assembly consisting of N similai non-interacting particles occupying 
a volume V. The distribution law, on sulistituting in (24) for from (12) 

becomes 


//“ jjAe^/h^ -I 


and 


f 

./ 0 




(25) 

• (26) 


DcGiiiiifi a tliiiicii.sioiilcfs nmiibtr A,, (uhiially called the degeiieracy- 
discriiiiiiiant) by the rclalion 


,\ - N / 

' ■ •' V \ znvikT: 


... (27) 


we have i'roni (25) aud (ab), Ao = F(A), 
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^vhei'e 


1 /Ae -1 «.-i „ 


„ for A<i and A'T (28) 


Now A cannot be grcalcr Ihaa unity, otherwise the expression (25) for 
N(id would be negative, for some values of k, which is inadmissible. The 
maximum (admissible) value of K(A) is F(i) which is given by 


where 


f(i)=u- 3 - ]=i+ 4-+ V + -=2’ 

{-/ 2‘i 3 " 4 ^ 

. L_ f 


(29) 


denotes the Riemann zeta-f unction.* 

Therefore, no solution A(T) of equation (28) can be found for which A^" 
2 612 i,e., for which 

V 


N > { 27 rni//ry^ 2 ’ 6 i 2 

fr 


or 

where 


T<To 


To = 


2*612 


p _ 

/ 27 rmk 


- ht 


... (30) 


7 t being the number of particles per unit volume. If ni denotes the mass of the 
He-atorn, N the Avogadro-number and V a inoiecular volume of 27*6 enr^ for 
liquid He II, then 

To = 3I3"K. 

The total energy K is given by 


I 


2^(2ni) '^V 

= iTV _j 

~k’ ■ V'fl 

_ feTV 2 




T/A 

0 i/A-c' -I 


(2?rm/i'T)‘^ 


I 

w* du 
0 


(31^) 


h'^ s/ 7T 


(airmfeT)' 


f 


u^duAe^^*(i — Ae 




or 


E-3- 

2 


JfeTV 


- (27 rmkWA I 1 + -^ + -5 - 

22 7 2 


(3IW 


* For a table of values of the Riernann zeta-function, ‘?ee the Appendix, 
t This result is obtained by making use of the relation 
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Now from (28) we have 
Ao = A 
Let us write 


T+ H + ... 

2a 32 42 


(32) 

( 33 «) 


A = Aq 1* « A 0 t- hA rt ^ ‘H cAo ^ + JAo . 
and Ao = A f d/A^ -1 '/A" -f sl\'^-\- /A + ... 

'Hieii snhsUlnlirm the hrsl series in the second, we eet 

A(, — Ao -1' A()^(rt h q] An'Hh \-2aQ + r) 

-HAo"‘(c + irc]'^ 2 bq + s) 

A^/*(d^ pjibq-^ 2CQ + 3fli‘^r+5^r + 4air+/) + ... 

licjiialing coeOicieiils of equal powers of Aq on both sides of the above 
equation, we have 

a==-q, b = 2q^-'t, c^-s-i-sqr-sq^, \ 

j A '2 9 ( **'“ ^33 

a — i4q*-^2i(j'^rd bqs + - i } 

or for the particular case we arc considering, 


ti= - 


" 0’353553 




b=(^ “• =^'>'057550 


V4 3'^ 

r 

I 


+ 


J S 


S 2^ 3 ^ 2^ 


= “'0-005764 I 


■•• ^34) 


J 


Substituting for A in terms of Aq in the energy equation (316) we have 


K = ^- RT 
2 




+ A„» c + 


, 30 


2^ 3^ 


T + h )+ 

^ 4 W J 


which after substituting the values of a, b, c from (34) reduces to 
B:=^ RT [i-o-i768Ao-o'oo33Ao'‘^-o'oooiiAo^~...] 


(35) 


or replacing Ao by (To/ T) with the help of (30), we obtain the non-degenerate 
Bose- Einstein expression for energy 

E, = RT [1 -o- 46 a(To/T)' - o- 0225 (To/T) 3 -o-ooi 97 (To/T) 5 - ...] 

2 


(36) 
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awd 




I +0'23I 


\f 


+ 0-045 ( 1+0-0069 . rj, 


T.) 

y 

To 


(37) 


Equations (36) and (37) arc the same as equations (76) and (86) apiioaring in 
F. London's paper (Phy. Rev. 1938, 54, p. 950) except foi a nuiuerkal error in 


the coefficients of 


Let us imw derive the degcncrale expression for energy. In Uk' degeneraU- 
case when T *< To, A Incomes equal to unity and (310) 1 educes to 


E_. “V . 

/r' Vtt 1 

•/ 0 


8 


(38) 


But from (30) 
Hence we have 


(e:rin/c-T)T- 


2‘6I2 


RT 

n/ ^ 


2 

= •’ K'r(T/To) 


i h's) 

Ui-s) 


{if 




ind 


-o-5iq-^ KT. (T/To)' 

o 

c„_= f 'J - 0-514 .R(T/To)ii 


'■11) 


Jt will be of interest to note the ratio of the energy and the si)ecific lieats 
for the degenerate Uosc and Fermi Statistics. In tlie case of the Bose Statistics, 
exact expressions are obtained for the degenerate case, but for hVnni Statistics, 
exact exjiressions cannot be obtained and the various pliysical (jiiaii titles are 
expressed as a power series in (i/Jog A). In comparing degeiieiale Hose and 
Fermi vStatistics, we take, in the latter case, only the first term of the sei ies» 
We then have 


E-(Fermi)= ^ ~n[^- 
10 W \47r 


_3 


(f 


5 \4’ry 


RT 


To 

f 


• • (43) 


• ITiiity i.s the inaxinium value A can lake. It cannot exceed unit>, olherwise N(f) will 
I'c'come negative for some vnlncfiof < which is inadinissihle. 
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{36) for E+ in the region in which T>To and the degenerate expression (40) 
for E_ in the region of T<To, we obtain the lower curve in figure i. The 
upper curve (given for the sake of comparison) is a plot of K/RT against T/Tq 
for the Fermi-Dirac Statistics. This is obtained with the help of the data from 
Stoner’s paper {Phil Mag., 1938, Vol. 25, p. 907). It can be easily seen that the 
two branches corresponding to R+ and E— in the lower curve are continuous 
at T==To with a continuous tangent. This result can be theoretically verified 
by differentiating with respect to T, the expressions (36) and (40) and noting 
that (dE/dT)+ becomes equal to (dE/dT)- when T=To. 

The second derivative of E, however, is discontinuous and the run of the 
specific heat (C, ) curve has therefore a break at T = To. This is clearly shown 
in figure where (C„/R) is plotted against (T/Tq) following F. London. 


Differentiating 

the expressions for 

(Cr)^ and 

(CJ_ and putting T=To 

we get 






= -077 ^ 

1 0 

(46) 

and 

35 

Q R 
= 2-89 ~ 

A 0 

(47) 


From the values of the two tangents given by (46) and (47), the angle of 
discontinuity between the two branches (C»)4 and (C,)- at T=To is easily 
found to be (about) 71°. P'or comparison, .the specific heat curve for the 
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Fermi'Dirac Statistics is also plotted in figure 2 from the data in Stoner’s paper 
referred to above. 


2 E 

From the relation p= — we get 

3 V 




RT 


and 

where 


0-46^ ^^25 o' oo 1 97 

cVt“ (cVT^)2 (cVT^V' 

^_=o'5I4cRT’ 
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(48) 

(49) 

(50) 


To get the expressions for the free energy F, we make use of the Gibbs- 
Helmholtz relation 


F = E + T f - 


... (51) 


then 


and 


d F 

df It 






E 


F=-T| ^-dT 


... (52) 


Substituting the values of E* and E- from (36) and (40J in the above equa- 
tion, we get 


F+= - ^ RT 
2 


Inl 


Tn 


+ 0-308 




T 

+ o-oo75( “ 


+ 0*00044 


T„ V 


+ ... 


and 




as obtained by F. London. 

The entropy S is given by the well-known relation 

F=E-TS 


Hence 
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= iR 
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(54) 
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(56) 

(57) 



D^gemmcy in Non-RdntiohUc Bose-Eimlein 

The entropy for s degenerate Fermi gas is (to a first approximation) 
by the expression 


35 

given 


and hence 


S_ (Fermi) = ^ 

\sr>l 


S- (Bose ) 
S_ (Fermi) 



= o' 82 i 




(58) 


(59) 

(60) 


APPENDIX 

Values of ^ — function for different values of *. 

* S(:c) = 2 ; 

n 

2‘6 i 2 ; 

2 

2 I 645='^- ; 

^ i’34i ; 

2 

3 ; 

- i’i27 ; 

2 

4 I 0823 =— ; 

90 

~ i'0573 ; 

2 

S 1*0369. 
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ABSTRACT. Plu* pcippr deals with the cxpcriiiitMital ijj(;*asurL*nR*nts on tlji' piitnary and 
sfeoiidarv Iv^absorplion edges of robalt metal, its oxides, and its eoiiipounds hotli in tlie forms 
of solids and solutions. Tt is found that 

(a' Though the primary K-edge of cobalt shifts to the shorter waveU-iigth side of the spec- 
trum as one passes from the metallic form of the clement lo its cfmipounds, the secondary 
structures of all the solid compounds of cobalt show a similarity with that of the metal 
itself. 

(b| The similarity between the structures in cobalt metal and lliat in anhydrous cobaltous 
chloride is .significant. Though both these substances form hexagonal crystals^ the metallic 
cobalt is non-ionic while the other is of the ionic type. 

(c) CoO and CojOs (cubic and hexagonal respectively) show the same type of struc- 
tures. 

(d) Near the K-absorption edge, the relative intensity of the structures (f.c., contrast 
between the white and dark lines) arc quite prominent, and it decreases gradually at first with 
increasing separation from the main edge, and afterwards increases again before it 
vanishes. 

(c) On passing from the solid polar compounds to .solutions up to iN the similarity of the 
secondary structures in all cases is iioteworthv. It is suggested that in solution.s up to tN, 
most of the molecules are not at all dissociated. 

(f) In the case of dilute solution.s of strengths of the r>rder of N/io and N/20, the structure 
near the primary is quite different from what has been observed with strong solutions (e). Here 
it is suggested that only a small percentage of the molecules are dissociated. The positions of 
the secondary structures show that they originate from undis.sociated molecules. 

(g) The solution of Co(N03)2. 6H2O in cone. HNOj^shows the .same structure as is exhibit- 
ed by strong solution of the same substance in water (e). 

INTRODUCTION 

Bxperimetits'on the K-absorption edges of lower elements by Lindsay and 

Van Dyke’ have clearly shown that after the K-absorption edge, there are fluc- 

* Communicated by the Indian Physical Society, 
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tuations of the intensity (Maxima and Minima) in the general absorption spectra 
in the sliort wavelength region of the main K-edge. These white and dark lines 
(or bands) in addition to the main edge form the complete X-ray absorption 
spectra, r^ater works by Lindsay and Voorhees,® Lindsay and Keivit,® Lindh,* 
Hanawalt, '' Coster and his associates have definitely shown such structures in 
the K and L series of many elements in different compounds having different 
crystalline modifications. For the origin of these secondary edges Ray,^ Coster,® 
Lindsay'^ and others put forward the theory of simultaneous transition of two 
electrons by a single encounter of an X-ray ciuantum. But this theory could not 
satisfactorily explain the dependence of absorption spectra (i) on chemical and 
physical state, (2) on the nature of crystals of the compound, and (3) on the effect 
of temperature on the position of the secondary edges. 

T’urtlier it cannot explain the absence of secondary structure in the case of 
an isolated atom. The theoretical explanation of the origin of these structures 
(secondary) was first given by Kronig ’ who investigated the energy spectrum 
of an electron moving in the lattice of the crystal . He was able to show that 
under the influence of a crystalline field the electron cannot have all the values of 
energy but it possesses an energy spectrum consisting of allowed and forbidden 
energy zones. This spectrum extends to a large energy distance (of the order of 
several hundred electron volts) from the first optical level. For the zones low ip 
the energy spectrum, the allowed zones are much sharper than the forbidden 
ones. But reverse is the case as we go upwards and finally there remains no 
forbidden energy zones . 

During the process of X-ray absorption, the electrons ejected from the 
deeper energy levels (the X-ray limits) accommodate themselves in these allowed 
energy zones following certain selection principles. In the case of a 'simple atom 
and ‘ ions ’ we obtain only sharp fine structure lines in the absorption spectrum, 
whereas in the case of crystal and polyatomic molecules the secondary absorption 
spectrum extends to very high energy distances from the primary edge. 

Kronig has shown that in the case of metals or the cubic crystals the energy 
values of the mean positions in the forbidden zones arc given by 

8md-‘ 

where E« =mean energy of the nth forbidden zone, n = an integer similar to 
quantum number, d = the side of the unit cell of a cubic crystal and Planck 
Constant. 

Kronig' ' has further developed his theory for the existence of secondaries in 
the case of polyatomic gases. Harlree, Kronig and Patersen'® calculated the 
numerical values of the position of the structures of the K-edges of Ge in GeCU 
by considering the chlorine ions situated at the corners of a regular tetra- 
hedron, 
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Though Kronig’s theory of secondary structuie has explained many of the 

experimental results concerning the X-ray absorption by the atoms in pme 
metal and in non-polar compounds, yet there are certain difficulties with which it 
is faced in the case of the ionogenic compounds. Coster and Klammer* » have 
studied the secondary structures to the K-edges of potassium and chlorine in an 
ionic crystal KCl and have found that the structures of potassium and chlorine are 
totally dilTerent though according to Krouig’s theory they would be similar. 
Similar observations were made by G. P. Brewingtou* * wiiicli bear the evidence 
that although Kronig’s theory holds good in the case of elements and their com- 
pounds involving non-polar bonds it fails in the case of the polar compounds. 

Although the results, stated up till now, have thrown considerable light on 
X-ray absorption spectrum and the electron energy stales in ciyslalline solids 
including metals and their compounds, no systematic investigation has been 
carried out for a detailed study in the case of ionic cry.stals and solutions. So far 
as the absorption spectra of a solute in a solvent are concerned, mention may be 
made of the attempts of Yost,' ■’ Meyer*** and Hanawalt. '’ In a short note in 
Phiiosophical Magazine, Yost has shown that the ijrimary K-edges of Mangan- 
ous and Chromate ions in ionic crystals MnCl2 and K2Ci(), are the same as they 
are obtained with solutions. Mayer also found no detectable dilTerence in the 
position of the K-edge of bromine in NaUrOj in the solid .states and in aqueous 
.solutions. Hanawalt also obtained the structure to the K-edge of Br in solid 
NaBrO.3 and in its solution and found that there was no appreciable change 
except that one structure near the i)rimary K-edge of Br in the solid substances 
was absent in the case of solutions. Stclling'^ obtained the primary K-edge of 
chlorine in NaCl in the form of .solid and solution and found that the wavelength 
in solution is a little greater than that for solid NaCl. Owing to difficulties in 
obtaining an extended structure in case of substance in solution no further work 
is known to have been done in this line. 

Though the preliminary works by Hanawalt^ showed no appreciable change 
of the position of the primary K-edge of bromine in NaBrOa in solid and in 
solutions of different strengths, it was thought proper to study systematically the 
absorption spectra of an element in different chemical combinations both in the 
solid state and in a state of solution. 

For a detailed study of the influence of ijo'ar crystals on the absorption spec- 
trum and the influence of water molecules in the ionic solutions of different 
strengths on primary and secondary absorption spectra, wg have chosen cobalt 
and its compounds because of the fact that 

(a) The K-absorption edge of cobalt is not placed either in the very soft or 
in the very hard region , 

ib) The dispersion in this region of the spectrograph is quite sufficient for 
our purpose, 
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fel0.taUgwc-s two ^ries of con., H.unclsMd forms hydrated ionic salts, 
which ill so,nc ease. ,.,ay be oblaiitcd in the anhydrous form thouRh with much 

difficulty. 


A B S () R r I' 1 (.) N S C K E K N S A N IJ CELLS E O R ABSORPTION 
S J’ I{ C 'I' R A AN 11 T H 15 1 R P R E P A R A 'I' IONS 

The prcjiaratioii of absorption screens and cells for obtaining extended second- 
ary sti uctiiies associated uitli the main edge is of prime importance and causes 
great difficulty. Tlie lliickncss and uniformity of the absorbing .screen always 
play an importiiiit part in these inve.stigalion.s. There is some optimum range of 
thick'tie.s.s of llie screen for which a good record can be obtained. It is found that 
if the ihickuch-s of the screen is below' or above a certain range of thickness, all 
the structuies associated w'ith the main edge do not come in prominently. Up till 
now, theoretically no definite relation has been put forward for the screen thick- 
ness, although it is found experimentally that a thickness which reduces the 
intensity of the general radiation to half its original value gives satisfactory results 
(Johnson’s formula is applied here to find the screen thickness). 

(a) Solids 

Several methods were tried for obtaining screen of a suitable thickness, but 
the following proved to be convenient. 

In the case of absorption spectra for solids the following methods were 
adopted : 

(a) The subtance is finely powdered in a mortar and the powder is then 
pressed in uniform thickness over a piece of zig-zag paper or ordinary filter paper. 
In the case of hydrated salts the substance is pressed on filler paper. 

(h) For solid substances which are not soluble in water the following method 
is particularly suitable. The substance is finely powdered in a mortar and a drop 
of .secotine is then added to it. After mixing it uniformly, a little~quantity of 
w'ater is added and an emulsion is obtained. This emulsion is allowed to pour on 
a piece of ordinary paper resting on a plate which is levelled. On drying, a screen 
of uniform thickness is obtained. 

(f) For the study of the absorption edges of anhydrous C0CI2, a cell holder 
of special design was used. The cell holder consists of cylindrical syndanio tube 
in the interior of which another tube was fitted over three fourths of the length of 
the former. The two ends can be fitted on the cap attached to the cone carrying 
the slit. Inside the inner tube there are three circular rings of syndanio plates 
having rectangular openings in them which are parallel to the length of the slit. 
There are tw'o perforations in the body of the tube through which a current 
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of dry gaseous HCl can be passed. The cell is shown diagram matically in the 
following figure. 


HCi 



KiCi 


On Ihc second ring an absorbing screen of CoClo, bH.^O, prepared by dipping 
a filter paper in a saturated solution of the substauce, is pressed with secotine. The 
first ring is pressed on this ring, the outer end of vvliich is covered with thin 
cellophane. On the third ring another piece of cellophane paper is mounted and 
between 2 and 3 a supply of dry gaseous HCl is made. On the outer syndanio 
tube is wound an electrical heater . 

The two extreme circular rings were cemented with the outer syndanio tube 
by Plaster of Paris, so that the cell could be air-tight. The inlet and exit tubes of 
the cell for passing HCl gas could be sealed at the constrictions. The screen was 
heated at a temperature of i2o“C in a constant supply of dry HCl gas and the 
temperature was recorded by a thermocouple. 

(b) Solutions 

In order to obtain absoriition spectra of a sulrstance in solution, one must use 
a cell which will not be attacked by the solution and at the same time will transmit 
the radiation. In the case of solution the proper thickness was attained by placing 
the solution between two thin films separated by a rubber sheet of requisite thick- 
ness When the strength of the solution was altered, the thickness of the rublrer 
sheet was also changed accordingly. The walls of the absorbing cell consisted of 
extremely thin celluloid on one side and aluminium foil -007 mm. thick on the 

other in the case of solutions of cobalt nitrate and cobalt sulphate. But in the 
case of cobalt chloride solutions, the aluminium window must be dispensed with, 
as aluminium is found to be attacked by the solution. Thinner films of mica Or 

0 
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CKlrenic^ly thin pieces of celluloid were tried in some exposures but none of these 
methods led to tlie desired results. TJie use of cello])hane as cell walls was also 
tried but in that case the uniformity of the thickness of the cell was lost. By 
coming; in contact with tlic li(]uid, the cellophane bulges inward in some positioiivS 
and outwards in others. Witli gold beater's skin as cell wall, there was no ques- 
tion of lion-uniformity but the solution was found to be coloured blue. Thinner 
films for cell walls were i)rei)aied l)y dissolving celluloid in acetone and pouring 
the solution on a clear glass ])late resting on a levelled ])latform. The laeparation 
of thin films of unihaaii thickness by this method, is a very difficult task, and 
often it was foimd that as the films became thinner there was a greater chance of 
non-uuifonnity, uliicli in many cases icsuUed in a leak in tlie films. Moreover, 
the lilins liJvpared in tliis way seemed lobe jiorous, anel air bubbles entered into 
the cell after some hours and the liquid leaked out 'riiis diiliculty could not be 
avoided and the jiresence of solution iji the cell was examined thrice a day and the 
cell freshly filled U]) uhenevei air bubbles were found inside the cell. 

Tui^ cin/b n()LT>.h:K 

The cell holder consisted of a rectangular brass plate, 4 cm. x 2*5 cm., in which 
a rectangular slot, 2 cm. x 0-7 cm., was cut out. Another plate was prepared 
having tlKMlimensions, and with a rectangular opening having the same area, so 
that when one was j) 1 aeed on the otlici, they coincided The two brass plates can 
be screwed at the four c:orners. Tlie low'cr plate \vas fitted with a cylindrical 
ca]» attached to the cone carrying the slit of tlie spectrograph. Absorbing screens 
could be placed betw^ecn the two bra.ss plates for exposure. The cell holder is in- 
dispensable in the case of solutions. 

K X Fv R 1 M E N 'VAR ARRAN Cr R M R N '1' 8 

A Siegbahn Vacuum s])cctrograph filled with an electron tube was used. 
The slit through which the X-rays from the election tube falls on the analysing 
calcitc crystals is o’l min. in breadth. The high vacnnni of the electron tube is 
separated from the conqiaratively low^ vacuum in the .spectrograph by thin alu- 
ininiuin foils. The heating filament is a spiral of tiii]g.sten wire fed by a low/ 
tension transformer. The cry.stal was oscillated at landoni through s'’ 30' in a 
few cases by the hand but frequently l)y the following device. 

A low-speed motor was connected to two wheels. In the bigger one was 
fitted a cam whose groove was cut in tjjc form of a Casenis vS]>iral. One end of a 
long brass rod was fixed to the crystal holder and the other to a pin which moved 
in the groove of the cam, the motion of the rod being controlled by a guide. 

After the preliminary adjustment of the crystal and the plate holder, their 
zero positions were determined. For the reference lines in this connection the 
W L 1 , W L ai and Cn K einis.sion lines were chosen. The Cu K a lines, 
which arc highly absorbed by cobalt, were not very strong in the x^hotograph 
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and did not cause any great iiictjuvenieiice, though they fell in tlie secondary 
absorption region. 

In the case of absorption spectroscopy, choice of photographic films and deve- 
lopers is of utmost importance. In our case best results were obtained with 
double-coaled Agfa Sino Films with which a good contrast in the intensity of 
the absorption spectrum is obtained. Agfa Kbntgcn developers of constant 
strength were always used, aud the plate was finally fixed in hypo solution. 

Agfa Sino Films are very sensitive to temperature, aud at temperatures above 

Iheie is the [)Ossibility of the film being damaged by heal. The film was 
dried under a fan and in some cases dust particles settled on the film, which when 
analysed by the mioroi)hoLometer show several kinks. In older to eliminate these 
spurious maxima and minima in the photometer curves, jdiotonieters were taken at 
different positions (^f the ]>lale and in almost all cases by using more than 
one him. 

The X-ray tube was run at lo K.V. The time of exposure as well as the 
current in the X-ray tube was not the same in all the cases. Kxiierinients show- 
ed that an exposure of 50 to 70 hours and a current of 20 to 35 milliainperes 
gave in general good results, with a screen of proper thickness. As is well known, 
the thickness of the screen plays a very imp irtant pait in these investigations and 
it i.s difficult to obtain a good plate in vvhicli the contrast between the v\hitc and 
dark lines appear.^ prominently. The screen was placed l)etweeii the X-ray tube 
and the crystal. An interesting feature found in this investigation is that all 
compounds of cobalL do not give the extended structure with the same ease In 
some cases they are obtained witli greater cli/ficulty than in otliers. As for 
example, we can cite the case of cobaltous oxide where some fifteen exposures 
were tried in vain in order to obtain a good record of vixtended structures, wdiereas 
in the case of the other oxide, coballic oxide, the edges are quite prominent. 

A dispersion of 2-/I X.I'. jier mm. was ol^tained on the photometric record of 
the absorption spectrum. There are seveia; absorption bands which show^ a 'line 
structure/ that is, if these bands are noticed very carefully under suitable light 
and magnification, or are analysed by the microphotometer, the presence of bright 
and dark lines of faint intensity may be detected, which cannot be easily measured 
by a glass scale. The exact position of any edge iu the secondary spectrum being 
impossible to locale, there may be a niaximuni error of 2-0 X.U. in the measure- 
ments of w^eak maxima and minima in the pholomeler curve. In the positions of 
the primary K-edge and the more prominent dark and wliite lines, the niaximuni 
error that can be expected may not exceed i X.U. 

M K A S IT R B, M N T S A NT) DISC V S S 1 O N 8 

In the measurements of the primary and secondary absorption edges, the 
disjiersion in each photometric record w^as obtained from known emission lines 
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Wl,», (i473'4 X.U.). CuKa, (i537-4 X.U.) and W 1,1 (1675-0 X.U.) and 
position of tliest edges was determined with W h 'm liiie as die standard of 
reference. 

As the exact position of the “ Ivdge ” is very diflicullto determine, different 
observers chose different positions of the photometric curve for calculating the 
wavelength of the primal y edge. Thus, .some use the point of inflection, others 
u.se the middle portion of the jump in the curve as the exact po.sition of the 
jirimary edge. But in our measurements, we have followed the procedure adopted 
generally by L,indh and vSandstorm, ' ” i.r., the primary edge was measured from 
the middle point of the straight portion of the primary absorption jump in the 
photometric curve. The points of inflection of the maxima and minima in the 
photometric curve v\ere considered to determine the position of the “dark ’’ and 
“ white ’’ bands. 

It may be rembiked here that our results on cobalt metal are in good agree- 
ment with the values given by Keivit and Tindsay who lia\'e also found some of 
the Structures found by us foi this element. 

It may be remarked here that Swada' ' has followed an entirely novel proce- 
dure in the measureincul of the absorption edges, and it seems that he has succeed- 
ed in measuring the beginning and the end of caeli of the dark bauds in the 
secondary edges; Ids values are thus very diflicult to compare with those of 
other investigators. 

The ab.sorplion edges of the following substances aa- investigated. 


Cobait jMetal 


(i'l) CoO 

{\Uuv (.):vulc, Cubic') 

(li/j C0_O;; 

(JliaLk Oxidu, I luxiii^uDal ) 

(Ii’j CoSo.j, ylT 0 

(Civblal l\i)c iiiikijowii, tbe CuvSO 

is oilhuj liuinbiC' 

(c) Co (NO,.) ., oH d) 

(Coballous Nilralib 


[vi) CoCii, (v'structure unknown and CoCl^ (Anhydrous) 

(vi'i) Cobalt Nitrite. 

All these comiiounds except cobalt metal arc ionic. 

(b) Solution in water — 

(0 1'7N, iN, N/10, and N/20 Solns. of Co.SO.;, yH^O. 

(I'l) 1'5N, iN, N/io, N/20 Solus. ol CuCU, 

(i'll) i-qN, •64N, ■32N Solns. of Co (NO.i) , 611^0 

(i ) Solutions in acids— 

Saturated Solns- of Co (NC)a)<), oH^O in strong UNO , 
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ral)le I shows tlie i>osilio!i of the* primary and secondary edges of cobalt 
(Metai) and various cobalt compounds in the solid state including anhydrous cobalt 
chloride. 

Table II the same in CofNO^Jo, 6Ho() in forms of solid, aqueous solutions of 
diflercnl strengths and in saturated solutions in concentrated nitric acid. 

'I'able III the same in CoySO.t, 7^100, in forms of solids and aqueous solu- 
lioiis, while, table IV in CoLl^, in solid forjiis, in aqueous solutions and 

also in anhydrous slate. 

The ligurLS i/:, Aq, /vj, etc ) icfer to while lines, the jirimary edge being deno- 
ted by A’, while fg), , etc.) denote black bands. The secondar\' structure's 
e.stcnd lieytaid IIil Cn.K lines '1537 ami 15 ] 1 XT'. j 111 all cases. In the region 

hetweeii Cn.K ‘Uul W T '' 'v* the structin es are quite prominent 

l^) S O L T D S 

'i'he table I show s clearly jKAv the primary K-edges of cobalt shift to the 
shoiler waxeleiigth side oj tJie siiectnini as vve pass from the metallic form of the 
element to ils ('(niipounds. 'I'liis shift of the juimury K-edge is outside the limits 
of experiinenud eiior ami is simiJar to the earlier observations made by Jjiidh and 
otliers on tlie shift cjf the K-absorption edges of an element in ils pure form and 
ils compounds. 

Pauling^'’ has put forward a qualitative explanation for the shift of the 
liriiiiary K-edges by considering the follow ing fattuis in Ins calculations. Tlie 
work required to remove an electron is uittuenced by the external scieening exert- 
ed by the external ions in the vicinitv of the parent ion. This energy of course 
will depend on the sign of the ions. 

He also assumes the law of inverse squares between the ions and introduces 
the idea tliat the crystal itsell will ha\x^ an electron affinity w hich wdll aid in the 
lU'ocess of photoioiusation. With tliCvSe ideas he has attempted to account for the 
shift of the iiriinary K-edges 111 a very genera] way. 

The similarity between tlie structure in cobalt metai and that in anhydrous 
cobaltous chloride IS significant as well as inlcicsting (Table 1). Here tlie two 
substances form hexagonal crystals, the metallic cobalt being non-ionic while the 
others are of the ionic type. The positions of all the secondary band>s are the 
same with the exception of that of the primary one. Por cobalt (a = 2 '5 b c — 4T0) 
Avhile for CxiClo fa = 6T4, a = V-()'25). Pcrliai>5 the infliience of the 

chlorine ions at a definite distance from tlie cobalt ion in the lattice of CoCL, and 
the peculiar shape of this crystal (Rhombohedral Hexagonal) affect tlie field neai 
the cobalt ion in such a way that the values of the allow ed and the forbidden /ones 
for the K-elcctron do not change axipreciably from those observed for cobalt 
metai. 

Another interesting feature is that the structures and their positions do not 
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ill i’loiii Cu( ) In Coy( );? whicli aru ic.si>cctivL‘]y cnliic and hc-xagonal 

ill .s(i lU'lnrC'. C<jstc‘i 1ia>s jiniiitcd out (Physim, Vo]. IT, p. 60.^]) llial cubic close- 
packed and licxapruial l rystal lal ticis pive Ihc same secondaiy X-vay absorption 
edpe ii w'C conliiie ourselves lo the positions of tlie maxima and minima, relative 
to llu' nuiiii edye. As leeaids the iorni of the maxima and minima, sonic 
typieal difleienee in the lonii oi Ihi ^econdaiy structures in the snl>stanccs still 
persists- This lie has sIioa'^ 11 in the carse ol the copiJei-zinc alloys known as and r 
b] ass brass has the same structuies as Chi (face ceiiteied cutiic) and brass is 
hexaiM)i;ai just as pine /anea Alter ridtuan^ tlie values of n and ^ biass in tenns of 
the close -j)aiked cubic and iievayonal foians, he has terified the relat ions stated 
above. Costei s woik is ( Oiiliiied only to nomioiiic crystals hut in the case of Co( ) 
and Ch);d ^ . die crN’stals aie ])olar and they are not elose-packed but tlie similarity 
found in our exi)erimc-iit in tiie j)ositi(iiis of the secondary bands is very signifi- 
cant. As the colours of the tw’o oxides are different it Avas easily seen tliat one 
was not t'on verted into the (»ther during ex])osure^ 

A petiiliai feature of file secondary structures of all solid comi»oLiiids of cohalt 
('fahle I) lies in their siiiiilaiity w ith those of the metal itself, allh(nyc.h in some 
cases one 01 tw o Structures aie found Lo be absent. Near the absent edges, the 
deviation from the coiTesjiondiiig secondary is large. These dillereiices may be 
caused by the missing band. It should be mentioned heie that llie microphoUt- 
nietric recoids, wliiJi could nut bring out the absent edges avS nicntioiied above, 
exhibited a fkitiiess of the curve in tlie region where they would have appeared. 
This flalnesj-. ma^ introdnee tlie al)ove-mentioned discrepancy in the values of the 
hand positions ui the neighliourhood oi the absent bands. It is (piite probable that 
in such cases the So-called absent bands are not really absent but owing to some 
unkiiuw'n fiielors the contrast between ihe consecutive dark and white liands has 
lieeii so mueh 1 educed tliat their separate existence could not be recorded wuth 
certainty by the photometej curves, 'i'he observed llatness of the curve and also 
llie discrejiancy about the band positions may be explained in this way. 

The lelalive intensities of the black and while l^ancls as revealed in the origi- 
nal plate and ak^o 111 the photometric records, shows a peculiaiily which is not yet 
understood pro]>erly. it lias been found that near the K-absorptiun c^ge, struc- 
tures and Iheii relative intensities decrease gradually with the increasing separa- 
tion from the main edg,e beyond which tliere is again a marked rise in relative 
inlc'iisily Avhich peisisls even beyond tlie Cn K ujao lines (15374, I54i'2.) and in 
some cases it extends even to a distance of 480 volts from the main edge. It is 
eeiieiaily loinul that llieconliast between the white and dark bands lying just on 
llic longer \\aveic‘ngth side- of the Cu K ” uiies is generally feebler than that of 
those on the shorter wavelength side of those ciiiission lines. This peculiarity is 
not only (‘oiifined to tlie stnicUucs in solids but is present also in dilute solutions 
and may be legardcd as a general effect. In very dilute solutions only, it has 
been oliserved that the iirsl wliite hand of the secondary (he., the second white 
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line in the plate) is as stron- as, and soineliines ewn stroii-er llaui, tlie primary 

K^edsc. This i)oiiit raises srmic iiilmvslii)- (liiestions alxml tlu; iiaUnc nl llu' 

absorbing medium and will be diseussed in the last sectinn. Haiunvait lemaiked 

that the secondary discontinuities Deal to the priiicii»al edi-’c are always siiari»er 

than tliose fuithei fioiii the edge. I he tliKuseiiess oj these Inrtlier out, makes U 
impossible to state their i>ositit)ns aceurateiy. In mir ol)ser\ations, we lia\'e 
found that some of the bands, whicli are away from the main edge, are shai])ei 
than those near it. 

vS I In n N ( I S (.) lyL* J T i ) N vS vSireiigllj up to jNi 

( )n passitig from the solid polar I'onipounds to solutions i\\) to iN, iho simila- 
rity of the struetiires in all cases is not only striking but interesting as \\ell 
iTables 11 , 111 , IV). '1 l]is raises some specnlaliuns ii])()nt the nature ami binding 
of tlie ' Cobalt ' ion in strong solutions, and \ve aie now in a position to discuss 
them one by one, 

(a) The substance when dissolved in v\ater may form “ ions which arc free 
ill the* sense that they are iiol iniluenced by one another, and are similar to “ jiure 
or isolated atom.” If this view is accepted, two states of alTaiis arc isxpeeled in 
the X-ray absorption spectra. 

(i) The ion being donlil\ cliaiged (CkC ion), the i)nniaiy K-edge will be 
shifted to the sliorter wavelength bide t»f the absorption s])eetra and will almost 
coincide with the iirinuiry K-edge ol an element wnth an atomic innnbei greater 
than it liy two units (Cii-K-edge). 

(a) The ions wdll leseiiibie an isolated atom in w liicii the K-eleclron can 
travel with all values oi kinetic cneig}^, i.i\, no sccoiidaiy eilges are expected. 
Fine structures, as dehiied before, may be found up to distance ot about 20 volts 
only from the primary. 

But it lias been found expel iiiieiitally that the K-edge ol stiong solution 
nearly coincides w ith that of Co-K-edge ot the metal (dineuncx about 4 volts) 
and the sccondm ies have not only the same wavelength as in the solid compound 
itself but also extend to a distance about 400 volts bom the main edge. The iacts 
clearly point out tliat the suggestion made in \a), i.c., the by potliesi.s of free ion 
in the solution, is not satisfactory. 

Prins, - ^ from his difbactiou experiments in Urauiuiii nitrate and Thorium 
nitrate solutions of diflerent stieiigths, has concluded that in solutions the ions 
of Uranium and Thcirinm are not absolutely^ free in the sense as nientioiied above 
but they exert force on each other. He further suggests that, as with tlie 
increase in dilution the distance between the neighbouring atoms increases, the 
ions in the solutions form giontis among themselves as conc eived liy the Cybotactic 
hypothesis of Stew'art in long-chain organic liquids, lliough the suggestion of 
Prins seems very reasonable, wx' have tried in vain to have diffiaclion pattern 
of sti ong solutions of Coball compounds with the Nickel radiation. Only the 
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Jialoc'S of water ar)i)eared in the plioto^^rapliic i)late, which shows that the 
scini-lattice stiuctnre of cohalt ions in solutions in our case is absent though it 
may lx* present in the solutions of the com])oun(ls of heavier metals as mentioned 
by Prins- 

(a) Tlie trend of thought at the present moment is directed towards the 
idea that crystals of many simple tsalts are not dissociated completely in water or 
in any other solvent. If the i>ositivc and negative ions jtresent in the crystals go 
to the solutions separately and all of them remain as sej^arale positive and negative 
ions, tlicre W(.)uld be no neutral solute molecules present at all. Put the 
exiienmental results of both the conductivity and osmotic i)ressnre methods 
appear to indicate the presence of a large number of neutral molecnies in 
s(dutions (even in the dilute solutions of the sul).stajjces). "riius from the 
expel iments (Jii the osmotic )jressure of MgS(.).| solution in water, one can see 
that even in the ease of 1/500 molar solution there are at least :K)% of tlie neutral 
molecules. ( )ther substances also show the same phenomena (Gurney, Ions in 
Soluiionf Chajiter XI). 

It has been showm by IJanaw^alt that secondary structures of a crystalline 
solid and the vapours* of tJic same compound have the same secondary structuie 
though there are some differences in the structures near the main edge. As for 
example, AsCls in the solid form .shows an additional structure near the main^ 
edge which does occur in its vapour. From our experiments on the similarity 
of the secondaiy structuies both for the solid compound and the solutions up to 
iN, we may easily conclude that the structures in these strong solutions must 
have been due to the presence of a very large nmiilier of neutral molecules in the 
solution. If really there are dissociated molecules in the solutions, their 
perceutage must be small. 

W K A K vS 0 Jy 11 T 1 0 N S (J.f Strength lower than iN) 

In the caSL of dilute solutions of the order of N/ 10 and N/20, weare 
presented with an entirely different picture of the absorption edges near the 
primary edge. It has been mentioned before that the second white baud, i.c., the 
first secondary, is as strong as, if not stronger than, the real primary edge and the 
latter is again shifted towards the longer wavelength side of the corresponding 
edge for solid compounds. 

In the case of dilute solutions we know from the experiments on con- 
ductivity and osmotic pressure that a certain portion of the molecules is really 
dissociated into ions. But, as nicnlioued previously, these ions cannot remain 
in the ‘‘ Free state.*' We may assume here that these ions are surrounded by 
v\aler molecules, giving us a picture of the Complex ionic group." In this case, 

11 may im ntioiied here that the temperature effect on the secondary structure of the 
molecules in the vapour state has been neglected. 
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the water dipoles influence the cobalt ions and thus set up a field of force which 
brings about allowed and forbidden zones as conteiu).latcd by Kronig. Thus, in 
dilute solutions, we have to consider the elTects of luulissociated cobalt salts in 
water and also of the “Complex ionic group" as mentioned before. As the 
secondary edges, excepting the first edge in dilute solutions, have the same 
structure as found in strong solutions, it is hereby concluded that even in dilute 
solutions a large percentage of molecules really remains undissocialc-d. 

As for change observed near the primary K-cdge of the dilute solutions, \\c 
may offer the following explanations. The “ Complex ionic grou|i ’’ as con- 
templated above has a field of force inside It, restricting the motion of the K- 
electrons only to a number of allowed zones. These big “ ionic complexes " will 
therefore produce primary edges. We assume that the number of such complexes 
in the solutions examined by us is rather small compared to that of the 
undissociated molecules. We further assume that the whole absor[)tion spectrum, 
due to the “ Comidex ionic grouir,’’ is shifted towards the long wavelength side 
of the spectrum. Thus in the absorption spectra of dilute solutions, we have to 
consider the superpositions of two types of siiectra ; 

(i) One due to the uudissociated molecules in the solution, and 
iii) the other due to the “ Complex ionic group ’’ in the solution. 

The edge due to the latter is shifted towards the long wavelength side 
relative to the former. 

As the intensity of the former is much greater than that of the latter, it is 
to be expected that tlie intensity of the .secondary spectrum due to the ionic 
complexes will be extremely poor and the secondary structures in dilute solutions 
will he practically produced entirely by the uudissociated molecules. The 
experimental data support this contention. But near the primary edge wc have 
to consider the superposition of the primary and the first secondary of the 
“ Complex ionic group ” with reference to the primary of the uudissociated 
molecules. 

As is well known, the intensities of the primary absorption are very much 
stronger than those of the secondary edges and we should naturally expect two 
strong primary white lines, of which one is due to the uudissociated molecules 

and the other coming from the complex ionic groups. As suggested hefoie, the 

wavelength of the K-edge of the latter is longer than that of the former. The 
difference in wavelength (SA.) between the edges is hX U.) and is easily sepaiated 
in our plate. Hence we should expect two strong white lines (of which the 
second one is perhaps the stronger, as the percentage of undissociated raoiecules 
has been assumed to be large) near the primary edge. I he breadth of the dark 
line separating the two white lines, depends evidently on the shift of one system 
with respect to the other. In the case where the separation of the priinary K-edges 
of the two systems is small, there would appear only one broad white band, the 
intensity within which will be of a fluctuating nature, In our experiments on 

7 
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Loh.ilt cc)nii)(3ur (Is, primary cd^^es are resolved by the spectrograph and the nature 
of the absoi i^boji ,s[)ectra as revealed on tlie photographic jdates supports our 
cuiileiition about the siii>erposition of tlie two systems of edges* 

Kurther invcsligalious on other metal compounds in the solid states and in 
solutions arc necessary before any definite interpretation could be given as to the 
mode of existence of solute particles in solution. lixperiments are being 
continued in this direction. 
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ON SOURCES OF STELLAR ENERGY— A CRITICISM OF 
THE BETHE-GAMOW THEORY* 
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ABSTRACT. A vtvien of tli( cxi.sting IhcoriL’.s of ciifrKy inodiiclioinn wliitc dwarfs and 
other stars has been made and it has been shown that the cxi,stenc-c of iientroiis and high 
pressure due to the degenerate electron ga.s inside the white dwai* niav expbiin the low energv 
production in the white dw.arfs. 

In a series of papers Weizsiickcr (11)37), Betlie and Critclifield (lysS), Ik-thc 
(1939), Gamow (1939), Gatnow and Teller (1935) have applied recent researches 
in unclear phy.sics to the explanation of the production of energy in stars and to 
stellar evolution. By applying the forninla of Atkiii.son and Honlernians (1929), 
as improved by Gamow and Teller (1938) for the probability of a nuclear reaction' 
in a gas obeying the Maxwellian distribution of velocities, Betlie (1930) has shown 
that the energy production in the stars of the main seijnence is due to caibon and 
nitrogen acting as eataly.sts, the net result being the formation of a helium 
nucleus and two positrons out of the four protons. Part of the surplus energy is 
radiated away in the form of two neutrinos when N'^ and ()'\li sin leg rate into 
and a positron and into N'-' and a positron respectively. In each cycle 

therefore we get 4.0 X10-’ ergs of useful energy, part of which is radiated away 

in space and part is used in raising the tempeiatuie of the star. 

As a result of this cycle of reactions, the .star decreases a little in mass but 
grows brighter, hotter, and a little larger, till, according to Gamow ' 1939), the 
energy production due to the cycle is no longer able to maintain the temperature 
of ,ho star .nd a contractive evotation seisin, nhich is .1 ll,c a.atu, 

inside the star continues to obey the laws of an ideal Ras. I Wore lone, honwci , 

degeneracy sets in which checks this rapid contraction .andlho s.a, reaches the 

"“‘'mvotationotihered giants, Oan,ow and Te.le, (,030- have shown 

, , 1 ^ ,^i+rnDpn cvclc aiicl diic lo tlie direct combi- 

that energy production by the carbon-mtiogcn eytie an 

rnaientigyp ^ „„,Hhat in th'-S oa.se the production of energy is 

nation of protons is negligible, anc e ^ Bt* Be'" 

x 4.ao„c rvitb the lisrhter elements II , il , Ti , lyi , ue ,uc 
due to the reaction of protons with tnc iig 


* Couiniiiliicftted to the Indin 


„ Physical .Societj by Prof. M. N. Saha, 
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and They have shown that definite bands exist in the radius-luminosity 

diaf^rain which correspond to encij^y production by different elements. It is the 
object of this paper to point out some of the difficulties in the evolution of the red 
gianis and the white dwarfs and an attempt has been made to explain them. 

W H I T E D W A R F S 

The behaviour of the white dwarfs is very peculiar and puzzling in as much 
as their i)roductiori of energy is extremely low for their accepted values of tem- 
perature and density. As has been cniphavsized by Gamow (1939), we should have 
to asMime very low temperatures (—10® degrees) for the interior of wdiite dwarfs 
in Older to bring down the energy production due to the reaction iF-f- 
to the observed values.* On the other hand, if we preclude the presence of 
hydrogen, the energy productirii by any other reaction will be negligible even 
for white dw arfs up to very high temperatures. Table I shows that the energy 
production by l He'‘”0^‘' reaction is very small even up to temperatures of 
the Older of eighty million degrees and fora density of the order of 10*. At 
luwei tcnipciaturcs the energy ])rcduclion hs negligible. Calculations have been 
made from the formula given by Bethe (1939), p. formula fi6). 


Tajbce I 
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But values of tlic mean molecular weight frein different theories of internal 
stiueiuies of stais sho\^ thatscn:c of the white dwarfs still contain nuclei of 
atomic weight cue. For example, according to Chandrasehhar (1939), Sirius B 
contains abcut 52% hjdrcgtn and ^an Mannen star No. 2, 66%. We cannot 
therefoic assume a low^ temperature for the interior of the white dwarfs. Calcula- 
tions of the temperature variation in the outer atmosphere, w’here ordinary gas 
laws arc expected to hold^ show that the temperature reaches a Value of the order 

* At lov\' temperatures, the energy production by the carbon cycle is negligible in 
cotnparivson with the energy production due to the above reaction. Ste Bethe (1939)1 
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of 20X10* degrees before degeneracy seisin [see Kothari (1933) and Stroingreti 
(1937) ]• The temperature in the interior must, if anything, be liiglier than this 
value* 

Xhe only way out of this difficulty seems to be to suppose that in the 
interior of the white dwarfs either (a) there are certain processes which liberate 
a very small amount of energy, or (b) there are some endothermic reactions going 
on wliich partly counterbalance the energy production and thus cause the net 
production of energy to be appreciably reduced. In the last case we have to give 
up partly the non-equilibrium theory of energy production which is the basis of 
Bethe and Gamow s works. 


T HE N K 11 T R 0 N H Y P () T H K S 1 S 

Since iiTespeclive of the presence of other nuclei, the hydrogen nuclei them- 
selves cause the evolution of more energy in the white dwarfs tliaii is actually 
observed, the supposition has been made that hydrogen nuclei ate totally absent 
from the interior of white dwarfs and the reduction in the observed mean mole- 
cular weight of the white dw^arfs i>s due to the presence of neutrons. The forma- 
tion of neutrons at very high densities and not too high temperatures was first 
indicated by Sterne (1933). The pressure clue to the degenerate electrons being 
much larger than that due to other nuclei, their disappearance will ultimately 
lead to a reduction of pressure. But such a process wdll not lead to the liberation 
of vast amount of energy due to gravitational coiitraclioii, as Ijas been supposed 
by Baade and Zwicky'**’ (1924), as the nculronic mass is greater than the. 
combined mass of a proton and an electron. 

We cannot, however, supi^ose that all nuclei inside the wliite dw’arfs have 
been transformed into neutrons. The effective opacity co-efficient of white 
dw'arfs requires that other nuclei should also be present in their interior. 

Since Bethe (1939) has shown that during the earlier history of a star all 
elements lighter than carbon, except Tle'^, are converted into He^ and that the 
abundance oj and O'® remains practically unclianged, inside the white dwarfs, 
we must have neutrons, HeS and O'® in addition to other heavy nuclei. In 
view of the fact that fission is produced by neutrons in heavier nuclei, we shall, 
however, exclude the discussion of heavier nuclei and confine our attention only 
to the above four. 

We have already showm that up to temperatures of the order of 50 million 
degrees, w'hich may be taken to be a probable value of temperature for the 
interior of the white dwarfs, there will be no mutual interpenetration and 

^ The total gravitational energy released if the Sun contracts to one-thousandth of the 
present radius will be of the order of ergs. This will be just sufficient to convert all atomic 
nuclei into neutrons. 
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occurrence of reaction possible between the heavier nuclei. We shall therefore 
only consider the action of neutrons on the other three nuclei. 

He" 

Although wc have got some experimental evidence on the scattering of 
neutrons by helium, we have no experimental evidence either of capture of, or 

disintegration by, neutrons in the case of helium. We have therefore to be 
guided solely by energy and inobability considerations. I'hc following show all 
the possible reactions between He" and iieutroiLs : 


> He‘’ + n^ + n" ... (i) 

He" + ii^ + ... h) 

He" + n' >' H”‘ ... (3) 

Hc"-t~n^ ^ Hc’'‘ + 7 ... (4) 


Reactions of the type (i) and (2) arc well known, but reactions of type (3) 
have not been observed. But in view of the fact that Chadwick and Ooldhaber 
(1935) observed the emission of HM-)y bombarding ki**’ and by slow 

neutrons (the reaction according to them has a cross-section of lo^'^'in.^j and 
Oliphant, Kenipton and Rutherford (1Q35) have observed the emission of by 
bombarding Be® by protons, (3) may l)e pos.sible with some of the lighter nuclei. 

He ' has been observed in certain disintegration experiments, but there is 
some doubt regarding its stability. Most ])robably it is just stable. (See a letter by 
Sirkar and Rai in 'Science and Culture’, February, 1940.) 

Of tbe above reactions the first three are ciidolhcnnic and the energy of 
the bombarding neutron, from mass considerations, comes out to be so large for 
the reactions to be possible that there will be a negligible number of neutrons 
with those energies in the interior of the white dwarfs. After making even the 
inOvSt favourable assumptions for the probability of the reactions, it can be shown 
that they will be of little importance. We shall therefore consider only the 
reaction (4) in the case of He". 

C^* 

Unlike helium, a large number of reactions have actually been observed 
with carbon. These are summerised below : 


C'-’ + n' 


(5) 


Slle"* + n' 

(6) 



(7) 

C^* + n' 

C** + u‘ + u^ 

(8) 



(9) 
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With the exception of the last reaction, all other reactions listed above are 
endothermic requiring large energies (order of several Mev. ) for their realisation. 
The reaction (9) listed above will therefore be the only reaction which will be of 
iun>ortance. Similar considerations with oxygen show that radiative capture W'ill 
be the only process which needs to be considered. 

Our knowledge of the cross-section for thermal neutrons in helium, carbon 
and oxygen is at present very .scanty. Unless however low energy losonancc 
levels are present in these elements, the cross-sections must be very small and 
must decrease as the energy of the neutron is increased. Carrol and Dunning 
(1938) have obtained a value 1.51X10-=’* for the scattering cross-section of 
thermal neutrons in helium, and according to Straub and Stephens (1939), who 
have measured the ratio of cro.ss-. sect ion of neutrons in helium and hydrogen, no 
a])preciable increase in the ratio occurs till the nentrons reach an energy of o’8 
Mev. /Vs this is too high for the thermal neutrons in the stellar interiors, we shall 
not consider the modification introduced in the \'ahic of the cross-section by the 
ineseiice of resonance levels. 

A similar estimate of the nuclear cross-section for thermal neutrons in the 
case of carbon and oxygen is not possible. According to Amaldi, Bocciarelli, 
Rasetti and Trabacchi (1939) and t '.oloborodko and I, eipunski (1939), the cross- 
section for neutrons of energies 130 Kev. to 350 Kev. is of the order of 2 x 10“=" 
cm.=* both for carbon and oxygen. 

7r/t^ 

We can therefore put o-ss? .-L . , 

2mn 

Putting this value and integrating, we shall gel the total number of colli- 
>si(jns. This is to be iuuUg)lied by the ratio of the probabilities of y-ray and 
particle emissions which is 

Tr ^ Vmr' 
hlmr^ 

where is the y-ray width in ergs and r the nuclear radius. 

Table II gives the y-ray width for the dilTerent reactions, calculated accord- 
ing to Bethe (eg. to). 


Tahle; II 


Originnl iiutdcns. 

1 IVndiut mulen.s. 

7-r;(v c nergM^ in iiimu. 

) 

vvidtJ] in t rgs. 


i Ht!"* 

1 

1 I 

0.64 X jo‘ ** 

c» 

ci.i 

5-69 

4.50 X 10'^* 

qM 

0^7 

! 4 - 7 .^ ; 

3.14 X lO 




I he total nutnbcr of c aplnres per sec. per gram is finally given by 


“f 


- \ yp 




0 


_ - VT/i 


fn,m 

, \ m // 

^ \v 

(A, 4 A*1 


(A.A,: 

Atomic 

weights 


25 

ni 


v,„y 

I?- "■' 




I’ ><6.58x10* 


- reduced mass = , 

nzi -f m2 

I'liis shows that even for helium foi which the probability of capture is the 
least, the uni]i]>er of cai)tures gm."’ sec."' will be of the order of 10** This will 
lead to a very large amount of energy being produced in the white dwarfs. 

It thus appears that the reverse processes will play a large part in these 
reactions. Taking for example C'“ as a reineseiitative case, will cither be 
transformed Into C'"* 01 C* by the neutron boiiibaulinent. The latter process will 
absorb energy. Also on account of the degeneracy of the electrons, tlie trans- 
formation of C^*' into N", an electron and a neutrino will not be possible as this 
will lead to an increase of pressure due to the degenerate electron gas. These 
win therefore be ultimately broken up by neutrons and building of heavier nuclei 
will be a very very slow process. It may thus happen that ultimately very little 
production of energy lakes place. 

In conclusion the author has great pleasure in thanking Prof. M. N. Saha 
for his kind interest and valuable advice. 
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ON THE WIDTH OF THE K-ABSORPTION EDGE OF COBALT 

By N. BAGCHl. M.Sc. 

{Received for publication ^ January 77, 19^0) 

Plate II 

abstract. The width of the K-absorplion edfje of cobalt metal and the compounds 
CoO; Cf>j|03; Co(N03i2, 61120; C0SO4 , 7H2O ; CoClj {anhvdiousj ; CoClj , bllgO in the solid 
form and in aqueous solutions of C0BO4 17X120; CoCl2,6H2^^ Co(N03l2 , 6H2O liaving 
diherent strengths together with a concentrated solution of cobalt nitrate in nitric acid has 
been studied. It lias hecii observed that so far as tlie compounds of cobalt in the solid slates 
are roncernc^d the pure metallic element slunvs the large st width, whereas in solid metallic 
compounds and their aqueous solutions, the solid has the smallest width, "i'he width of the 
edge ill a ccnicentrated solution of cobalt nitrate in nitric acid deserves particular attention as it 
is not only apprftciablv larger tlian the* same obtained in the solid nitrate and in its aqueous 
Holntions but also is largest obtained in this set of investigations. 

It has also bc'cn found in the ca.se of metallic elcineiit: and blue oxide CoO that neitlicr 
the inflection point which determines the wavelength of the edge nor the full width or the 
idealised width is affected by the screen thickness. The presence of slrncture edge K' is also 
reported in the ease of cobalt metal and its black oxide 0^03. 


INTRODUCTION 

The measurements of the widths of the X-ray absorption edges have not yet 
received so much attention as the X-ray emission lines- In the later cases, 
widths are expressed in terms of the well-defined half-width of the emission lines 
as in tlic case of optical spectra. In the X-ray absorption spectra, however, 
two definitions are generally used to define the width of the edge. The first is 
defined !)y the full width and is measured by the distance of two points of maxi- 
mum and niinimuiTi intensity in the photometric curve. The other definition 
first suggested by Ross ^ measures the distance between the intersection 
points of the tangent through the infieclion point and the two horizontal lines 
passing thiough the points of maximum and minimum intensities. Really it is 
very difficult to ascertain the maximum point, f.c., the long wavelength in the 
edge with any accuracy mainly because of the smooth decline of the curve. The 
determination of the wavelength of the edge is now generally made by measuring 
the middle point of the edge, the inflection point or really the middle point of 
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the straij^ht portion of the edge in the photometric records, as all absorption 
edges arc more or less asymmetrical. 

Richlmeyer and Barnes ^ from theoretical considerations have pointed out 
that the screen thickness may have a profound influence not only on the shape 
but also on the position and the widths of the absorption edges. 

Saiidstrom carried out a systematic investigations in the L-absorption edges 
of 30 Zn to 52 Te, and found that w itb the varying thickness of the absorber 
3^ Se there is no systematic variation of the wavelength of the edge. It was also 
found that the ]H)iiit of inflection, which corresponds with a fair degree of accu- 
racy with the middle portion of the straight part of the photometric curve is un- 
affected l)y the screen thickness. vSaridstrom has measured the full widths of the 
most of Li 1 and Liii edges and some Li edges in the region 30 Zn to 52 Te, 
showing the variation of the width wdth atomic numbers. 

Cioffari^ has investigated the width of Ihc edges of Bromine and Iodine in 
the element itself in solid, liquid and vaj)our phases and also in chemical combi- 
nation by the double-crystal spectrometer. He reports that chemical combination 
seems to have very little effect on the width of the K-absorption edges. Most of 
tlie compounds of bromine and iodine showed nearly the same width as that of 
the pure element, no matter in what phase it w-as. I'he only exceptions were shown 
by IBr vapour which had a slightly narrower width and CH3Br which had a ♦ 
larger value for the width. 

The similarity of the structures of the K-edge of Cobalt, in cobalt metal, in 
its various compounds and also in aqueous solutions of different strengths of some 
of these compounds was reported before, It was also staled there that with 
only dilute solutions of strengths of the order of N/10 and N/20, aquilc 
different structure of the edges adjacent to the main one was found. In this 
connection it was thought proper to investigate the effect on the width of the 
edges under different combinations and also with aqueous solutions of different 
strengths. 

EXPERIMENT vS 

A Siegbahn Vacuum spectrograph was used with a calcite crystal. The 
latter was rotated through 3 ”-30' about the mean angle for the K-absorption 
edge of cobalt. The width of the slit was o’l mm. and was covered with thin 
aluminium foils of thickness .002 cm. to separate the high vacuum part of the 
X'lay tube from the spectrograph. ^ ^ 

The dispersion in the plate was found lo be 16.41 X. U. per mm. The 
photometric records magnified the lines to 6.78. All measurements of the widths 
of the edge were made with the photometric record. 

A large number of plates was taken with absorption screen of varying thick- 
ness of cobalt metal and cobaltous oxide (CoO). Although actual measurements 
of screen thickness w^re not made, it was found that neither the point of inflec- 
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tion which determines the actual position of the al:)sorptioi] edge, nor the “ full- 
width ” or “ idealised ” widths showed any change with varying thickness. 

In some absorption spectrum with cobaltous oxide (CoO) as the absorption 
screen was made very thick, the contrast between the black and while bands on 
the short- wavelength side of the main edge was so poor that only a continuous 
white band appeared in the photographic plate without any secondary 
structures. 

Barnes ‘Mias found that the K -edges of the elements 25Mn '“29Cu have a 
fine structure in the edge itself. In the clement cobalt and in C02O3 similar 
** structure edge ” K' whose wavelength is about 1 X.U. shorter than the primary 
edge has also been found in our experiments. 1 

As it is extremely difficult to locate tlie actual position of maximum and 
minimum intensities preceding and following an absorption jump as well as the 
direction of the tangent at the point of inflection, an error as high as 20 per cent 
is quite likely in these measurements. The photometric records of cobalt metal 
(Fig. 1); Co^Oi^ (Fig- 2); Co-nitrite (Fig. 3); CoClo, 61120 (Fig. 4); Co(NC)s)2. 
6H2O (Fig. 5); Co(NO;^) 2, in .31SI wSo). (Fig. 6); Co(N()3)$), fiHgC) Sol. 

in HNO3 (Fig. 7); and CoCl^, bH^O in 1.5N sob (Fig. 8) are given here. 

The following table gives the results on the measurements on the idealised 

widths. 

Taii^e I 

Rolid Substain't" SliengtJi. ! lib alised Width of tJie 

K-edgt^ of Cobalt ill X.U. 


Cobalt metal (Co) 

... 

4 ’i 

Cobaltxms oxide tCoO) 


3’o 

Cobaltic oxide (CojOa) 


2'0 

Cobalt nitrite 


22 

Cobalt sulphate iCoS04, 7H80) 


2‘5 

Cobalt Nitrate (ColNOs)!. 

... 


Cobaltous chloride (CoClj. 6H2O) 


3-6 

Cobalt Chloride (CoCl,) (anhydrous) 

Solutions 


2*6 

Co(NOs)*, dHjO 

j solid 

1 


CotNOa'j, 6 H ,0 

1 i.gN 

4 'x 

CoIN03)j6Hj0 

*6N 

46 

Co(NOs)i, 6HaO 


4’4 

ColNOslii 6H2O 

concentrated sol. 

6*8 

in nitric acid 
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Sul 111 ion. 


CoS(\ 7H2O 

CuSt >4, 7112^^ 
Ct)SC) 4 , 7X12^^ 
CuSOj, 

C(^S(J 4 , 7^X2^ ' 
C0C13 

C0CI3, 6X1 20 

C0CI2, 6Il2(.) 
CoClj. 61120 

C0CI2, 6TI2O 

CuCl2. 6H2O 


Siren 

solid 

1.7N 

iN 

N/xo 

N/20 

aiiliydruiis 
hydrated solid 

1.5N 

iN 

N/io 

NZ-^n 


i Idealised width of the K-cdge 
I of cobalt in X.U. 

2.5 
3-6 
4.8 

4.8 
^.8 

r 

2.6 
3-6 
3 0 

2.9 
2.g 
3-6 


In IliivS regifMi, 4-1 X. U. is e(|uivnlcnl to an energy value of 20 Volts. 

l^'roiii the tal)le I, it is apparent that of all the solid substances investigated, 
cobalt metal definitely shows the largest width. In Co2();i we have the smallest 
width. An error in this measurement is (luite large because of the presence of 
a peculiar position of the line structure in the edge itself. Cobalt nitrat cannot 
be obtained in the pure form ; it. is always a mixture of cobaltous and cobaltic 
nitrites as well as cobaltous nitrate. 

From a survey of the results obtained in the cobaltous nitrate, Co(N03)2, 
6H2O. in states of solid and aqueous solutions, one can conclude that the solid 
shows the smallest width, which rises in the case of solution ; as a matter of fact 
from iN to .jN solutions, the width is fairly constant. Concentrated solution of 
ColNOsla. 6H2O in strong HNO3 shows the largest width. (Fig, 7.) 

In C0SO4, 711 2O we have an analogous result ; the width is definitely smaller 
iu the solid state than in solutions. From iN to N/ao, it is fairly steady with an 
intermediate value for 1.7N solution! 

From the table I, it will be seen that CoClg (anhydrous) has the smallest 
width and C0CI2, 6H.j() (solid) and aqueous solutions of different strengths show 
the same width within experimental error. 

It may be mentioned here that the anhydrous salts of Co(N03)2 and C0SO4 
could not be easily prepared and so in the solid state, Co(N03)2,6H20 and CoSO** 
7H2C only were examined. The widths of the K-edges of these salts in solid 
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BLATE II 

PIIO^C)^'lETRIC RECORDS OF SOAIF AB.^ORI’IICN EDCiKS 

MA('.Nll'ir.A'l K )N ()’7S X 




Co(NOg\.6H^O CtANCEL/iH^o C.)(N()3 

Soln. ‘.^N -"T Soln, in HNO^, Snln. I'5 N 


rhe K edc^e nnd some secondaries are shown. 
K'- the fine structure with the ed^^e K 
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states were definitely smaller than those obtained in acjneous solutions. It is quite 
likely that the anhydrous salts of CoS<)4 and Co(NC);i)‘j might possess smaller 
widths than the hydrated ones ; but unlike CoS()4. yHaO, and CoiNOiOa. fill-aO, 
K-edges have approximately the same width in CoCla, 6H2O, as in its aqueous 
solutions. 

It may be concluded that so far as the compounds of cobalt in the solid states 
arc concerned the pure metallic element shows the largest width whereas in the 
solid metallic compounds and their aqueous solutions the solid has the smallest 
width. 

In conclusion the author expresses his sincere thanks to Prof. B. B, Ray 
for the interest he has taken during the progress of the work. 

University Colucoe oe Science, 

Khaika Laboratory of Physics, 

92, Upper Circueak Road, 

Caicutta. 
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“ THE SERIAL ARMS OF A CONFIGURATION OF ROTAT- 
ING COMPRESSIBLE MASS HAVING UNIFORM DEN- 
SITY AND SURROUNDING AN INCOMPRESSIBLE 
SPHEROID OF HOMOGENEOUS MASS”* 

By prof. a. C. BANERJI 

jot publicathUt Jan. 2g, 

ABSTRACT. The author has iuvesitgatcd the condition necessary for tlie formation of 
spiral arms in the equatorial plane of a rotating ga.seous coiifigiiralioii of uniform density which, 
surrounds a spheroidal homogeneous mass of incompressible material. The size of the central 
mass is assumed to be small compared to that of the outer boundary of the gaseous structure 
Tt is evident that the density of the gaseous stiucture can only be uniform if the angular velocity 
w is variable aud satisfies a certain relation. The author has also determined the relation that 
w ould cxi.'it between the distance from the axis of rotation and the angular velocity w. 

Particular cases of our Galactic vSystem and the Andromeda Nebula have also been con- 
sidered. For spiral formation, it is found that the diameter of the inner central core should he 
less than 270 parsecs for the Galactic vSysteni and less than 560 parsecs for the Andromeda 
Nebula. 

Banerji, Bliatiiagar aud Nizamuddin have worked out in a recent paper* the 
case of a rotating spheroidal centra! mass of small but finite diniensions and uni- 
form density, surrounded by a spheroidal structure of rotating coinpressible gaS 
of variable density. They have also investigated the condition necessary for the 
formation of spiral arms. Lindblad® has also considered the case of a condensed 
point-nucleus which is surrounded by a spheroidal galaxy of stars of uiiiforni den- 
sity from which arnis emanate. Now recent investigations by Plaskett* aud 
Pearce about our galactic system show that “ the whole galactic system is immersed 
in a gaseous substratum consisting of atoms of various elements , . . the separate 
atoms while obeying ordinary gas laws participate in a rotational movement around 
a distant central miss in galactic longitude 325" ■ ” So for a mathematical investi- 
gation it seems proper to assume that the central core is surrounded by a gaseous 
mass instead of a galaxy of stars, as assumed by Bindblad Moreover Kdding- 
ton’s* theoretical researches as uell asPlaskett^and Pearce’s observational investi- 
gations show that interstellar space (wilhin the confines of the galaxy) is not 
empty but is filled with a very highly rarified gas of " substantially uniform den- 
sity.” Smart** also remarks “ the observed feature of galactic rotation may be 
ascribed to a highly concentrated central mass together with a uniform spheroidal 
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distribution of matter.'* For mathematical analysis the author has assumed a 
configuration in which there is a central rotating spheroidal core of homogeneous 
and incompressible material whose density is po and which is of small but finite 
dimensions. This core is again surrounded by a rotating gaseous configuration of 
mean density which differs slightly from the actual density at any point of the 
gaseous mass. In fact, it will be shown later on that a rotating gaseous configura- 
tion cannot have uniform density, but if it be a very much flattened spheroid, then 
the variation of density may be quite small provided a suitable law for tlie variation 
of angular velocity is assumed. It may be pointed out here that the bounding 
surface of a rotating gaseous mass is a pseudo-spheroid.^ If the angular velocity 
every where is small, the pseudo-spheroid differs slightly from the spheroid. So 
without any serious error we can assume that this bounding surface is a spheroid. 

We shall take to be the equatorial radius of the outer boimdaiy of the 
spheroidal gaseous configuration of mean density and to be the equatorial 
radius of the spheroidal boundary of the central mass of density po- H assumed 
that both these spheroids arc similar in form, /co is taken to be small although it 
is of finite magnitude* It need hardly he mentioned that Po is greater 
than pi. 

Now we have to investigate the path of a particle or a small amount of matter^ 
which may have been ejected from the equatorial plane of the galactic configura- 
tion due to a slight perturbation. The total intensity of attraction at an externa) 
point in the equatorial plane may be assumed to be made up of two parts, viz., one 
part is due to the attraction of the larger spheroid of equatorial radius ‘a* and den- 
sity Pi , and the other is due to the smaller spheroid of equatorial radius k^a and 
density (po —Pi). 

If / be the total attraction, e the eccentricity of each spheroid, we havc*^ 



where terms containing powers 


of e higher than 2tT have been neglected. 
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Hence, 
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The equation of the orbit of an external particle which has just been ejected 
in the equatorial plane is 


^ I — / 


^2 I' ^ ... + Aww^^] , 


(3^ 


where u—i/r. 

If there be a slight perturbation, h will remain unchanged, and we can take 
h — a^Mi,u)i being the angular velocity at any point on the equatorial circular 
boundary of the gaseous conhguratiou. Remembering that when u^uo — i/a, 

the orbit is circular and -^=o> we have 


V 1 f AoM + ^M.=» 4-...+ - + 

dfi y 3 2n-\-} j 


« \ 3 2n + i 


we get 


l=±'’ 


V 2 ‘"•0 4. “1 a„a2ng2ti ^ I j. I 

V a., p„|^ - +-^ + -_+^ 




|_ a 3 a (an + i)a J 


... (4) 


dr 

For a spiral form --must be real, finite, and continuous, and of the same sign 
« ^ 

as T changes with 0 . Hence in order that the spiral form may be possible, the 
expression under the root sign must be positive for all values of r > a. Substi- 
tuting a*W| for h for all values of r ^ a , we must have 



(5) 
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On slight reduction we get the condition 



x(i-e“)^ . ... (6) 

As r > a, the conditions for spiral formation is all the more vSatisfied if 


1±£ > , > 45Po + ... (7) 

r 


>2(1 + ... ( 8 ) 

2^Tfh^ 


i.c,, if A’o is small and we neglect ki\ and liigher powers of ko tlie above condition 
reduces to 


-ilL> 




PtJ /'ll ( .3 5 


x —-. - c*" 
2H-+ 3 



(9) 


If this condition is satisfied then the two values of which are equal 

du ^ 

in magnitude but opposite in sign show that t^vo similar spiral arms may 
emanate from two diametrically opposite points in the equatorial plane. 


Now we shall discuss the conditions under which the density of the gaseous 
configuration may be assumed to be more or less constant. 

Now we have the three equations of relative equilibrium 
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dp av 

V -p , 

Oz Oz 

where p is the i)ressure and V the ^ravilioual potential at any point of the gaseous 
mass. 

We get d{x^+^^) 

D 2 


or 


kdlog .d{x:^+y'^), 

2 


If p is constant then 


d\ H- — d (x ^ + y ^) = o 




Vh 1 d(x^-\-y^) —const. 


(lo) 


or 


(1) = const.. 


where 


o) =.x:^ + y^. 


Put u,g = F'((o”) = . 

do.® 

2 V + F( w) = const. (ii) 

Now we can take for any point P in the gaseous configuration outside the central 
core V^V, + V,, 

where V„ is the potential at P due^o the larger homogeneous spheroid of density 
Pi and V ( is the potential at P due to a central core of density (/>„ — Pi). 



(la) 


Now 


10 
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where A, C, D are given by 


e 



V, clearly satisfies the Laplace’s equation V^Vi^oalP which is external to 
tlie central core. 

We can write this equation as 


a^y 

0 



0V. . I 
-- + - 2 
O OJ w 


d^V,_ 

'002 


where 0 is the azimuthal angle. A particular solution is 


(13) 


Vi='e--^a x( where A is constant, 

provided X" (<*>)+ ~ x' X (<" ) = o. ... (14) 

0 } O' 

The solution which is finite for ui = o, must be in the form of an ascending 
series, and it can be written as 


C J. 



where’ = + ••• (is) 

as V< — >-0 when ^ — >00 ... , we should have fot the particular solution 
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In the case of the central core of density (p„ -/>,), V, must be of the form 


Vj-fli c J„ j I- JJ + 


... (17) 


where ftx, a^, and Aj, A.^, have determinate values. 


Therefore we have zaic a Jo^^'-j+3a2C j+ ... 


-A“ -c=^|+F(::‘)= 
a“ a-J 


const. 


... (18) 


If the gaseous configuration is a very much flattened spheroid then -- becomes 

a 

vety small, and also A and D have negligible values, we therefore write the above 
equation approximately as 


2^1 ]o ( jJ -j- )+ + F( = const. 


Now, w ) 


= -2ai -2a2 

do) i u) 


(I / 

^ ■ 


( 19 ) 


If Aj, Aj, etc., are small, then for comparatively small values of lu we can write 




... ( 30 ) 


It may be mentioned now that photographs ' ^ of different lengths of exposure 
suggest very forcibly that inner layers of a nebula are rotating more rapidly than 
the outer layers. It is therefore necessary that both B, and Bg should be positive 
and that B, should be greater than -132. We shall now calculate the upper limit 
for fe. in the case of our galaxy and of Andromeda nebula. 
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, Our Galactic System : — 

Equatorial diameter=3OjO0o parsecs 
Polar Diameter = 6000 parsecs 
Period of rotation =2*3 x 10*^ years. 


Then ^2 = ^, 

25 25 

It is easily seen that in this case the scries 


2.,. 1 ^ 2 ., 4. l- 3 - ( 2 H- l) 2 ^2n 

3 5 ■ 24 2>i 2n + 3 


in equation (9) is less than 2 '5. 

Moreover it is reasonable to suppose that Pi is small as compared with p„. 
Wc thus find that (9) is alt tlie more statisfied if 


h] +py, 

2?rp<, 15 p„ 

In the case of our galaxy it becomes 

r .' 15 ^*0 

^■ 2 .^ >. 4 . k 

(><, 15 


(21) 


It shows that the maximum value that can have is of order 10“^^ e.g.s unit, 
as /v’o cannot have a negative value. 

We may also note that if pa becomes greater, becomes smaller. 

As a particular case we shall take 


e.g.s. unit. 
Pi — To"^ ’ e.g.s. uniU 


We find that 


kS< 


15xJL 


X 3 0 


-C 


fed <- 


1000 
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The diameter of inner core must be less than 270 parsecs for the spiral formation. 


For Andromeda Nebula : — 

Equatorial diainetor of the outer spheroid — 20,000 parsecs 
Polar diameter =1000 parsecs 

Period of rotation =16,000,000 years. 

i-e^= ^ and so e"= -^9 . 

400 400 

It is easily seen that in this case the series 




3 5 


+ + 


1- 3 (an- i) 2 

2*4 2 n 212+3 


e 


2f» 


ill equation (9) is less than 10. 

Taking to be small as compared with po we find, in this case, that (9) is 
all the more satisfied if 

> fep 

2 Jrpo 15 Po' 

In the case of Andromeda Nebula it becomes 

3 

2- 5x10^^ ^ > Ao , 

Po 15 Po 

3 

or 2-5Xio~°^-p i ^ 

Po 15 ’ 

The maximum value which p\ can have is of order io~®® c.g.s. unit as k„ 
can not have a negative value. 

As in the other case, we find that if p„ becomes greater, kg becomes 
smaller. 

As a particular case we shaH take 

Po = io”^^ c.g.s. unit 
Pi = To“®® c.g.s. unit. 

< 15 ^ 1-5 

ko < 

250 


We find that 
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Tbe diameter of Ihe iuucr core must tie k-ss tliaii 560 parsecs for the si'iral 
formation. 
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SECOND MAXIMUM OF THE ROSSI CURVE* 

By a. K. DUTTA, D.Sc. 

(Received for pith licaHon, Deccviberi^i, 

ABSTRACT. Tlic Set'ontl Maxijiiuin of the Ro.^isi Curve, as observed by vSchiiiciscr ntid 
bathe with triple eoiiieideiiee counting system, had not been observed by Nielsen, Morgan mid 
Morgan with a fourfold eoimling system. They, thetef ore, consider that the second inaximiiin 
is caused in some way by the background eouut. It has been shown in the present work that, 
due to the geometrical coiihguratani ot the tliiccfuld and fourfold counting systcnis, the count- 
ings in the hjurluhl systems wotild be very much vsuppressed, specially Ifiosc coining at a laige 
angle with the vertical, l^'urthcr, nitli a fourfold coincidence, the hnst inaxinunn should fall more 
gra<lnally tliaii with a threefold counting system. 'I'licse may cause a suppression and a masking 
of the second maximum, so that it has not been clearly observed w ith a fourfold coincidence 
arraiigeTTicnt. 

'Die existence of a secoud iiiaxinmin in the Rossi Curve was a point of dispute 
for some time, until Schmeiser and liotlie' had shown by their exi)eriment that 
the secoud maximum appears with marked intensity for small an^le showers, 
with a scat terer thickness of 17 oms. lead. According to their experiment, the 
second maximum does not appear in the case of large angle showers. Schmeiser 
and Bothe leeorded liie showers witli four counters, the upper two counters being 
connected together. They, therefore, registered triple coincidence showers, the 
upper two co\mlcrs together behaving as a single ccnmtcr. Recently, Nielsen, 
Morgan, and Morgan^ have experimented with fourfold coincidence system and 
have studied the large angle and the small angle showers- They find no definite 
indication of a second maximum for either the large angle or the small angle 
showers. If they connect the upper two counters, so as to make their experi- 
mental arrangement identical with that of Schmeiser and Bothe, they get a hump 
at 200 grs. per sq. cm. This corresponds to the same thickness of lead scatterer 
as obtained by Schmeiser and Bothe for their second maximum. Nieksen, Morgan, 
and Morgan consider that, since there is no second maximum with fourfold 
comcidence, no such effect is caused by showers from the scatterer, but that the 
secoud maximum with threefold coincidence is an effect of the background 
radiation. 

Before proceeding to discuss the experimeuts of Nielsen, Morgan, and Morgan 
critically, we shall first point out certain experimental evidences which show 
that there are showers recorded that indicate an increase in number, as the thick- 
ness of the material traversed increases. 


II 
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Street and liis school of workers'’ have pholograi)hed cosmic ray showers in 
Wilson chamber and have analysed them into three different classes. Firstly, 
there are soft showers caused by multiplication process in small thickness of the 
material. Secondly, there are two classes of showers recorded in Wilson chamber 
with 15 cms. of lead acting as a scattercr. In one class the number of shower 
particles is limited to a small innnlier and one of them is definitely a hard particle. 
In the othci case there is a large number of shower ])articles, many of them 
being hard. From Street’s analysis it follows that these two classes arc positively 
different from one another. We would reier to the second group of liaid shower 
(obtained with 15 cms. of lead scatterer) as an explosion shower. According to 
Street, the occurrence of the explosion is i in 2,000 fora lead thickness of I's cms. 
of lead, whereas the percentage rises to about lo per cent of the showers that pass 
through 15 cms. of lead. This shows that showers tliat pass through 15 cms. of 
lead has to be analysed into two groups. 'I'he large group comprising mostly of 
two ray showers, one of them at least being hard, and a .smaller group comprising 
of a larger number of particles developed, generally, after traversal of large 
thickness of matter. 

The growth of a hard show'cr with increasing thickness of matter is evident 
also from an experiment by Maass.'' The experimental arraiigenicnt is as showm 
in Fig. I, where the Blocks B have^the same thickness as the scatterer S. Count- 
ing the coincidences with and without the Block.s B, with dilTerenl thickness of S, 
he has obtained the following lesults : — 


- 

Coincidence per unit of time. 

'riiickiicss of absorber in 



cms. of be. 




j Without n. 

With B. 

10 

1705 

1-74 

20 

j -50* 

164 



Figure 1 


* Taken from hi graph. 
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From the geometrical condition, the increase due to Blocks B must be due 
to showers generated in B and it is apparent from the data that the increase is 
only about 2% of tlie vertical counts with 10 cms. of FV and jo% with 20 cnis* 
of Fe. Tins shows again a growth of hard shower with thickness of matter. 
This has l)ceii verified also without the side scieens D. 

Thus from the above considerations we reach the conchision that with 
increasing thickness of material there is a growth of a particular type of hard 
shower and this should give rise to a second maximum, recorded vvilh coincidence 
eountcis. We will now proceed to examine the geometry of the threefold and 
fourfold coincidences critically, and tjy to find out if the absence of a hump in the 
fuiirfuld coincideuee expeiimcnt could be atti'ibuted to the geometrical arrange* 
ment. 


foox -dHl 60Z 



(a) ( 1 .) (c) 


I'lGUKE 2 

Nielsen, Morgan, and Morgan have shown the arrangement of their counting 
system drawn to scale and these have been redrawn in Fig. 2. The size of the 
seatterer is limited to such an extent that from the remotest region just a jjair of 
rays passes tangentially through the fourfold coincidence system. The rays are 
marked ‘ F ■ in fig. 2 (a). But for the triple coincidence, any pair of a whole 
bunch of rays passes through the system. These arc shown by dashed lines. 
In the figures 2 (b) and 2 (c) vve have drawn again the angles through which rays 
for a fourfold coincidence and a threefold coincidence should diverge from the 
points B and C respectively, where Bis a point midway between the centre and 
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tlie exlreirie end and C is a point vertically over the limit of the upper counters. 
The addition due to threefold coincidences is shown by dashed lines. The per- 
centage of fourfold coincidence to triple coincidence from the points O, C, B and 
A are respectively J-Oo%, 6o%, 28%, and * 0%. Considering the average contri- 
bution from the portions of the scatterer lying betW'Ccn O to A, A to B, and 
13 to C to the fourfold and threefold coincjdenccs lespectively, wc find the mean 
ratio of the probability of tlieir occurrences a little over 3. The showers that 
give rise to the second maxiiuuin must, therefore, diminish by about i in the 
fourfold system. This would bring down the magnitude of the hump to the order 
of the statistical error. In Nielsen, Morgan, and Morgan’s work, even with four- 
fold coincidence, there is an indication of a small rise at about the same material 
thickness as in the triple coincidence system. 



Ficuitii 3 

A — Triplet coincidence 

11— Fourfold coincidence 

C — Fourfold concidence with larger scatterer. 

The same proportional reduction of intensity should also hold for the first 
maximum and this is evident from Nielsen, Morgan, and Morgan’s work. Fur- 
ther, in the first maxiimiin, the shower from the remote region of the scatterer 
would be more easily absorbed as they come slantingly through the medium. Since 
the major contribution of shower from the remote region is detected by the triple 
system, it follows that the triple coincidence counting would show a steeper rate 
of absorption at the first maximum than the fourfold coincidence. As a conse- 
quence, the hump and the second inaj^imum has a chance of being overlooked due 
to the slow gradient of the fourfold coincidence curved beyond the first maximum 
compared to that of the threefold coincidence curve. These points W'Ould be clear 
from a study of Fig. 3, where Nielsen, Morgan, and Morgan's graphs have all 
been redrawn on the same scale. 

It should be pointed out, however, that the diminished intensity in the four- 
fold coincidence is independent of tlie analysis of the different types of showers 
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yiving rise to the Rossi curve. It is determined only by the geometric limitation 
of the fourfold coincidence in comparison with the threefold coincidence. The 
analysis here put forward, is in view of evidences from different experi- 
incuts. 

My thauks are due to Prof. D, M. Bose for helpful discussion. 
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THE SECONDARY K-ABSORPTION SPECTRA OF SULPHUR* 

By N. BAGCHl, IV1 .Sc. 

(Krceived for piihlication, February 19^0) 

Plate 111 

Abstract. 1 'lic X-ray K-absi)rptioii speclrmn of Sulpliiii sliows prcmouiUTil structure extend- 
in^ up to ftii ciierj^y (iistancc of S7 volts fn)m the main i'dy,v The .spectrum r^btained shows deli- 
uittlv two deiinitr absorbing regions, ami the intensity of some bands at large energy distance 
finiii the primarv are higher than those adjacent to the main edge. The inteesiti- s of the dark 
and wliite bands do not follov\ any regular set jneiice. 

I N T R 0 D V C T T O N 


'riic X-ray al)sorplion spuctruin of sulphur was studied Ijy Liudli' who 
observed llie influence of eheniical bindings on llie positions of the primary K 
edges alone. But he did not investigate the nature of the extended se.'ondary 
structuics of tlie spectrum. He further noticed that the jjositioiis of the primary 
edge in mouocliuic and rhombic vaiiclies f)f sulpliur were almost the same within 
the limits of experimental error whereas in the case of compounds the position 
depended on the valency of stiliflmr. The aim of the present investigation 
w as to study the secondary structure of the absoi ption spectrum obtained with 
the various allotropic modifications of sulphur. Das* has recently found a new 
allotrope of sulphur ( S". ), of which the structure is not yet fully kuown . It 
was suspected that the mode of interatomic linkage inside a niolecine of sulphur 
in the S.u lattice is different from that present in orthorhombic crystals (S«). 
In the laUer type of crystalline sulphur, each molecule of .sulphur contains eight 
atoms in a puckered ring. Now', we know that in the case of molecules possessing 
a large number of atoms, the secondary i\bsovption spectrum does not depend 
niucb on the state of aggregation of these molecules. For, in these case.s the 
intermolecnlar binding is so veiy strong in comparison wuth that between thet 
molecules that the position of the energy levels (or allctwed and forbidden energy 
zones) remain almost unaffected by the alterations of the mode of aggregation 
of the molecules. Thus one may expect that the sulphur molecules in .S„ and 
S<i> really possess different stoichiometiic structures, and this difference must also 
manifest itself in the secondary absorption spectra of these allotropes. With this 
idea, we took up the work which though still incomplete is being continued 


* Conrnmnii’flted by the Indian PlivsiVal 
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K X P K R T M K N T 

As the soft X-rays lying in the region of the K-absoiplion spectrum of 
sulphur are very much af)Sorbe(l by air, the eflective tJath of the radiation in 
air was reduced by evacuating the spectrograph with the help of a Cenco Megavac 
Pump, and tlie lube was operated at 5 K- V. with a current varying from 25 to 50 
millianir>eres for different exposures which varied from 60 to 100 hours. The 
crystal used was Calcite and was oscillated through 2*^’ by means of a 
specially devised arrangement. The slit through which the X-rays enter the 
Seigbahn spectiograi)h from the electron tube was o'l mni in breadth and was 
covered by very thin gold-bealeis skin coloured red with magenta solution In 
this particular investigation the choice of the photographic films presented a 
great difficulty which wavS, however, overcome by trial. Several films and plates 
were tried lint the intensity of the absorption bands even after an exposure of 
go to 100 hours with a current as high as 30 milliainp was not sufficient to pro- 
duce a good contrast between the white and dark bands. Best results are obtained 
with doubly-coated Agfa Sino P'ilms and Agfa Rbntgen developer. Tlic range 
through whicli the crystal is to he oscillated for obtaining all the absorption edges 
associated to the K-edge of siilidiur (5008 X. IT.) was first tested wdlh the oscillation 
arrangement liy i>hotograi»hing (5041 X.Tb) and (4QioX.tb) 

on the same film. The reference lines, however, were taken to be 3 NiKo^a^ 
(4974 X.U.) and 2 TiKP^ (5018 X.U.) emission lines. 

P R E P A R A 1' T O N (.) P A B S O R lU N R C R K N 

The preparation of the alisorbing screen caused the greatest trouble. The 
critical absorption wavelength of sulphur lies in the neighbourhood of 5 A. lb 
and the screen could not be prepared on ordinary paper or jfilter paper due to the 
high absorption by paper in this r^^gion of soft X-rays.. The substance was 
fiiicty pow'dered in a mortar and uniformly spread by rubbing the powder between 
tw'o ground glass plates when the sulphur stuck to one plate. On removing the 
upper plate, a dilute solution of celluloid in acetome was poured over it. When 
the thin film of celluloid w^as pulled off on drying, a uniform layer of sulphur 
stuck to the surface of the thin film of celluloid. 

Other methods were also tried for the absorption screen of sulphur. In one 
method, the sulphur was finely powdered in a mortar and to the pow-der a little 
quantity of celluloid acetate solution was added. After preparation of an 
emulsion, the .substance was allowed to pour on a clean glass plate levelled on 
a platform. On drying the jilm of celluloid, coaled uniformly with sulphur, 
was obtained. But tin’s method did not prove efficient as the one previously 
described 

Another method of the preparation of the absorbing screen of sulphur is 
dentical to the one first mentioned, the only difference being that instead of 
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depositing tlicJii on tlie surface of thin filnivS prepared by dissolving celluloid 
in acetone, the deposition w as [>erfornied on a thin dim prepared by dissolving 
collodion in a mixture of equal parts of alcohol and ether. 


R Iv vS V l, T vS 


After several careful attempts with the orthorhombic variety (S^) of sulphur, 
we were successful in obtaining one or two good absorption photographs which 
showed secondary structures extending over a large energy range on the short 
wavelength side of the primary. ( )nc of them is reproduced here (Fig. 1 ) where 
a large number of secondary edges is clearly visible. The wavelength and 
the usual values of A. AA, v/R, Av/R, v AV are given in the 

Table (i). The K, Kj, refer to the white lines and <13, etc., denote the 

black bands, the primary edge being denoted by K. 

No successful plate has yet been obtained with Sf-. ■ In ihis case another 
additional difficulty is to be overcome. This is due to the unstable nature of 
S«* ■ If the substance is seriously disturbed by heat or any mechanical opera- 
tion as powdering, it transforms rapidly to insoluble vS„. So a special technique 
has to be devised for the preparation of the absorbing screen of S.o . 

Over and abc>ve the usual structures, another peculiarity is noticed in the 
photographic plate. It is found that over a certain range lying in the 
neighbourhood of the main edge, the general absorption is well marked, but at 
a certain point the iiileiisity of absorption suddenly falls so that the whole range 
of absorption show's two distinct regions. The fluctuation of intensity and the 
general difFusencss of the band do not follow any regular sequence. The strong 
and weak al)sorption edges Ox^th black and white) are marked by vS and W in 
the Table. From measurements, the structures extend up to 87 volts from the 
primary edge. It may be meiiliuried here that this is for the first time that such 
an extended structure ha.s I)een observed in the case of a lower element like 
sulphur. The positions of the bands were measured wdth a glass sc:ale with 
3 NiKa, and 2 TiK/:^^ as reference lines. 

In conclusion, the author wishes to express his gratitude to Prof. 11 . 13 . Ray 
for his valuable suggestion and able guidance and kis thanks to Mr. vS. K. Das 
for occasional fneudiy helps. 

Rijatka IvAHokatoua or PhvsiCS, 

()2. rrri-R CiRCurAR Road, 

Cau'I'TTa. 
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^ Lindh - Spec:troij^'opie dcr Roiitgeiistrahlen, M. Siegbahn, 
Das — StructniL' and vSlability of (not yet published). 
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A NOTE ON THE ORIGIN OF THE D-LAYER 

By S. deb, D.Sc. 

[Received foi publicalio)i, Deeembei j.:, 

ABSTRACT The origin of I)-lnyer of the upper atmospheres is here cmisiflered to be due to 
the settling of dust-like metallic particles of metcorie origin on the inversion level at 
kilometres. The inversion of temperature with its consequent over-stabihtv is lonsidercd to 
he due to the heating of the atmosphere b)' high-speed meteors that come to earth conlinnous- 
Iv from space. With this idea a number of optical ami electrical phenomena lo[ind a.'-.socialcd 
with this layer is tried to be accounted tor. bastly it is also found that the poti ntiality of 
this layer for radio fade-outs discovered bv lielliiiger can be well explained by .such a bvpo- 
tbe.sis. 


The iiiechauisni of fonnalioii of the three inipnrtant slralificalion of the upper 
atmospheres, the E)- and the F-ionisation layers and of the low-lying ozone layer, 
except for the details, is by now, more or less, correctly undenstood mainly from 
the contributions of Tenard,' Pennekoek," Chapman,^ Saha^ and Mitra."’ 
Lately another layer intermediate between the low ozone layer and ihc well-known 
H-laycr has been discovered. This layer is generally known as D-layei. The 
height at which it is found to exist is between 55 and Ou km. Tlic existence of 
such a layer of stratification at such low heiglilh is difficult to account for on 
any theory, but it appears to lie confirmed by the di.scovery of the iihenomenon 
of radio fade-outs that aic observed to occur on the .sun-lit parts <if the earth’s 
atmosphere practically simultaneous with the aiqieaiance of intensely luminous 
patches on the face of the sun.’ It is found that the layer of teinporary '“iono- 
spheric winds ’ responsible for the above fade-outs exists also at a height below 
that of K-layer at about 55-txt km, inaclically .same as lliat of the 1) layer. ** 

The cause of such a layer of stratification at about Dial height is as yet uncer- 
tain. And in the absence of any definite theory about its origin it is vaguely 
assumed''^ that it is caused as a reaction to the process of continuous formation 
and dissociation of ozone molecules which is going on in the upper atmosphere. 
Recently Prof. S. K. Mitra and Dr. J. N. Bhar and Mr. S. P. (Biosh have dealt 
with the problem of the formation of this layer. ' " They are of opinion that the 
D-layer is formed by the photo-ionisation of ( >2 at its first ionisation potential. 
But the main difficulty with this layer is that its existence is not acontiruous one. 
Moreover, there should exist in it a potentiality to develop itself suddenly to the 
particular state that is respon.sible for the phenomenon of radio fade-outs. 
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The ozone 1iyi)()thesi>s about the cause of this l)-layer is untenable for various 
reasons, the most significant of which is the fact that i)eihai)S the entire ozone of 
tile upper atmospheres is confined between 15 and kilometres as recently cstab 
lished by ()dtz, Dobson and Meetham and others,* ’ with a maximum concentra- 
tion at about .e3 kilometres.*^ And aloxi^^ with this, if one takes into account 
tliat tlie total vertical ainoniit of ozone is hardly 4 mm. in thickness (N.T.Pj at the 
e(iuat()r and 2’5 111111. in hi.i^li latitudes fiiortlierii;, * '* one fails to understand how 
this can etTect the formal ion of a layer that can so strongly influence the 
l)assagc of radio waves. 

A very siguificant fact about the siratiiications in tlie upi>er atmospheres is 
that they are also tlie positions ulierc the law of iionnal vertical temperature dis- 
tribiiton is disobeyed, Just at the lower base nf the ozone layer the normal verti- 
cal temiieraiure distribution comes to a standstill for some height and, after that, 
instead ol a fail there is actually a ri.se witli height. Similarly in the case of Iv 
and I'-layers they are also the seats of raising of teinperalure of atmosplicres at 
those levels. 'Hie teiiii)ei ature of the li-layer is taken to be about 300*^1^ and of 
the h'a-laycr sometimes as high a figure as looo'A' is asciibed.*^ Had the ordinary 
law of vertical distriliutiiin of temperature been satisfied, the temperatures of these 
layers would have been much diffeient. 

If one looks at these straliflcatioiis from this direction one can immediately 
see that they can very well be interpreted as cases of temperature inversions. As 
IS welbkiiowii ill Dynamical Meteorology, all temperalnrc inversions cause layers 
of almosidieres to deviate to greater stability and can, in this \vay, act against the 
forces -of gravity in stopping lieavier particles to have their natural fall. But the 
stability of tliese layers (ozone, hi and K), as now interpreted, is not primarily due 
to the forces of inversion. 

In the case of D-layer, on tlie other hand, it can be said to i)Osscss proi)eCtics 
of temperature inversion. At about (^5 km. height the temi)erature of the atmo- 
sphere is found to be as high as 3S1)'' Alisolute, from the investigations of Dincle- 
maiin and Dob.son * ’ and those of Opik**' on meteors and that of Pekeris^ ' on 
atmospheric oscillaiiuiis. Just beyond llic ozone layers at about 40 km. there is a 
tendency of tlic atmosphere to cool down. The layer of atmosphere in between the 
two limits of 50 kiii. and 60 km. is subjected to the forces of inversion and thus 
assumes a .state of permanency that in its turn becomes strong eiiotigh to fesist the 
forces of mixing which exist both £^bove and below. 

The cause of the heating of the atmosphere between 60 and 80 km. do not in- 
troduce any difficulty. This part of the upper atmosphere is continually .subjected 
to the bombaidmeiit of innumerable meteoric: t>articles from space. The kinetic 
energy of these meteors is ])aitly u.sed to disrupt the particles into theii coiisth 
tuent molecules and is partly absorbed by the atmosphere through which they 
happen to i)a.ss. From the average number of meteors entering the Earth's 
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uliiiosphere per sec., from an estimate of their avei-aj^e jiiass and (ho Cdnsti- 
tneiit and also rememberiuK that the average velocity of these meteoric i.ar(ieles is 
something like 20 kilometres per second, the rate at which the energy is absorbed 
by the layer can be estimated. Assnming that tlic atmo.s]ihcre is essentially com- 
posed of Nj and (b molecules in (heir normal proportions even at this height (he 
rate of heating can be calcnlatetl. Alter allowing for (he loss by radiation to both 
upper and lower layers the temperatnre at which the layei attains an equilibrium 
lemperaturc can be estimated. 'I'his is found to be about .pso" Ab.solutc at about 
05 kilometres height, in turn creating a level of tempciature inversion at a height 
of about 55 kilometres. 

The heavy meteoric particles non- reduced to metallic dust try to settle down 
anil come to the surface of the earth, but the inversion at 55 kilometre level .sto|)s 
ihi.ni to fall further. 'I'hey temporarily settle themselves at (his level, and conti- 
nue on accumulating til! they overcome the forces of inversion, when there occurs 
a collaiise of this metallic layer. After a co{la])se again another accumulation 
continues on. This may be the reason why the l)-layer is only detected strongly 
at limes and practically undetectable at others. 

This layer being made up of particles chielly of iion and silicon and perhajis 
also of sodium produces various ctlccts upon a number of terrestrial phenomena. 
It is not possible to deal with them adct|uately in a note like (his. A full discussion 
will appear in the main paper. Yet one or two points may be mentioned here. 
The spectrum of the night sky shows a fluorescemc of continuous background 
superposed on which lie the bands of nitrogen molecule and inctastahlc oxygen 
atoms, lilvcy and Roach’ have proved that this fluorescent background lies at a 
height of 50-05 kilometres. The layer being a metallic one can very well account 
for a contiuuons emission. 

Recently the lines of atomic sodium arc detected in the uight-.sky spectrum 
by Cabannes and his co-workers.”' They place this sodium in the ujiper atnio 
'pheres at a height of 130 km., whereas Bernard'^” suggests that the sodium I) 
light IS emitted from a thin layer at about Oo km. Assuming that the 
1 lyer of iiiver.sion is also a seal of heavy particles to accumulate, it can be asserted 
that the level of sodium should be, gin .somewhere at (his hei,ghl. This receives a 
Miiqiort from the observation that at sunset when the sun's rays rise past this 

kvel, the D-light intensity falls within a minute or trvo to about t percent, of its 
loriner value."’ ' 

The theories of terrestrial magnetism demand a conducting layer at a certain 
beighl in the upper atmospheres. This layer of metallic particles, jierhaps chielly 
if non, satisfies very rvell the demand. I have as yet not considered the subject 
•1 any detail. But I hope to discuss tJie effect of a mantle of iron particles round 
eaith on terrestrial magnetism in a separate contribution. 
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I have already referred to the i)henotnenon of solar eruptions and its asso- 
ciated effect of radio fade-outs, which is caused in this D-iayer round the sub- 
solar point. It has been found that all the solar eruptions cannot impart the 
particular characteristics to this layei responsible for the fade-out effects. Con- 
sidenn)^ all the jioinls I am very much tempted to suggest that if iron line can be 
detected in emission during such an eruption and if a spectro-heliogTatp can be 
taken of the sun with this line, there may be found a one-to-one correspondence 
between the two phenomena. 

Ill conclusion I wish to express my tlianks to Prof. M. N.Saha, F.R.S., for a 
complete (liscussiou on the subject and also to Prof. S. K. Mitra, D.Sc,, fUr a 
iiiinibcr of helpful suggestions. 

Indian Associatu)N fok thk Cuijivation of {Scifnck, 
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PRODUCTION OF ULTRA-HIGH FREQUENCY RADIO WAVES 
BY ELECTRONIC OSCILLATIONS* 

By S. S. BANERJEE. D.Sc. 

AND 

A. S. RAO. M.Sc. 

Benares Hindu University 

[Ri'ccivrd ]o) luthliLutio\i, /'Y y 7, njfo> 

ABSTRACT OcUHilrd invrslii^aliim lias Iiceii inado tlu’ iiiudu of piodurlioii of' iiltrn' 
hiyli fn.‘(iurn(‘\ ra(liiMva\’c\s hv (jlcolroiiic ostMlIations in a Iriodi' vahe. 'Plit- rlU ct of cmi'-sidii 
( iirroiit and ^rid p^U-nlial on tli'- and intoiisilv ol (lie y^cncraUd wavt-s lias luen rri- 

r\;miiiu‘d and a new relation between ila tn has be en <kiived, vir. , 'Vl'),,- 1, '^ constant, 
wbt'H A is tin wavelen.v^lli y,eiH‘rab*d, E, is (be yrid poliaitial, and T, is (he eniissi n 
unruil Tliis udal ion has been e\perinie'nl:ill> \'erilu‘d b\ means of barldiaiisen and Kiir/ 
oscillator will) inodification of (tiII and Morrell. It is concluded that tin* emission iiureiit 
pUn s an important jiail in prediclint'^ the leiiji^llis of the L.»eneraled waxiss. It has been obsi'rvcd 
that, for the sinnc grid potential, the intensits of the geiieiated waves iiurcascal with tlie imaeasi* 
of i niission current. TliC lengths of such waves, however, decreased when the emission 
ciiiTcnt was increased, The waves gciieiatcd in the present investigations were of Gill and 
Morrell (vi)e as has been shown by lh(‘ ineibod of Cockbiirn fioni the varialirin of anode 
current with grid [rkential. It has also been sliown that for such f)scillations the lengths of 
the gencratcfl waves W'cre altered vvitli tin* variation of kmgth of external circuit associated 
with tin valve. 


1 N T R 0 1) TT C T 1 0 N 

With the advent of television and aircraft coninnmications attention has l)cen 
greatly centred in the study of generation of continuous radio waves of iiltra- 
liigh frequencies. It has now become customary to call the radio waves below 

10 metres as * ultra short waves ’ and those below ^ metre as * micro waves.' 

The only satisfactory method till now known for powerful production of 
lliese ultra-high frequency waves is based on the use of electronic oscillations in 

11 Iriode and in magnetron valves. In iqic), Whiddinglon ^ generated radio 
waves of about 500 metres by the electronic oscillations in a soft triode with high 
1 positive grid. Near about the same time Barkhauscii and Kurz**^ succeeded in 
producing radio waves of about i metre length by usitig hard triode valves with 
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hi^h i)ositive grid compared to the anode and put forward the theory of the same. 
According to tlieir tlieory the wavelenglli produced should depend only on the 
dimensions of the electrodes and the working conditions of the tube. 

Since the time of Barkhausen and Kurz various investigators • have tried 
to verify the laws established Ijy them, and in many instances results have been 
obtained whicli do not completely agree with the original theory of Barkhausen 
and Kill z. (rill and Morrell,*^ foi instance, reported in 1922 that the external 
circuit connected with tlie valve plays an important part in prediction of the 
wavelenglli produced. The results of (rill and Morrell were confirmed by other 
workers in this field. It is, liovvever, now admitted that there are two types of 
oscillations produced inside a vacuum tube. One is the Barkhausen and Kurz 
oscillation which is independent of the external circuit and the other is the Gill 
and Morrell type which is dependent on the external circuit. Cockburn ^ ' has, 
however, shown that there is no fundamental dilTerence between these two types 
of oscillations and he has iioiiiled out that the Cull and Morreil oscillations occur 
when the external circuit associated with the valve happens to he in resonance 
wutli Barkhausen and Kurz oscillations. 

In the present investigations the study has been made of the mode of produc^ 
tion of ultra-high frequency weaves by electronic oscillations in a triode valve with 
high positive potential being applied to the grid. A preliminary note on this 
work has already been published recently. The relations existing between the 
grid potential applied, emission current and tlie wavelengths produced have been 
critically examined and it has been observed that the consideration of emission 
current is not less imi)ortant than the grid potential in establishing such relation. 
Thus a new equation indicating the connection between the wavelengths produced 
and both the grid potential and emission cuirent has been derived from the 
equations of Barkhausen and Kuiz " and Tank.*’ This equation has been found 
to agree very closely with the observed results for a considerable range of grid 
potentials. It was also observed that the intensity of the gener; ted waves was 
increased as the emission current was increased for the same grid potential. The 
wavelengths, however, decreased wdth the increase of the emission current, as 
has also been observed by other investigators mentioned in the following section. 
In the present invesligation all the observations w’ere taken in the region of ( ^ill 
and Morrell as the W'avelengths wxne found to vary wdth the external circuit. 
This has also been substantiated the curves showing the variation of anode 
current w'ith increasing grid potential. 

T H K O R Y 

For plane electrodes, Barkhausen and Kurz worked out a formula showing 
the relation between the w^avclength produced, distances betw’een the filament 
and anode, and filament and grid and the potentials applied to the anode and 
grid coiupared to the iilament. Subsequently Scheibe ^ gave more rigorous 
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formula for cylindrical electrodes. Tank,’’ C'.ill and various other workers 
pointed out later on that the relations given by Harkhausen and Kurz and 
Sclieibe were not adequate to establish the wavclengtli generated, as they found 
that the wave-length decreased when the emission current was increased. Gill 
worked out a theoretical formula which included the emission current also. 
Potapenko/ ^ however, investigated experimentally the formula of Gill in details. 
'J'hc results of Potapenko sliowcd considerable discrepancies between calculated 
ami observed values. Very recentiy Gill has produced ultra-short waves of 
length 1 to 3 metres by split anode valve and has suggested the explanation of 
the reduction of wavelength with increase in emission for a fixed grid voltage- 
Tonks'^' gave a physical explanation of the possibility of decrease of the wavelength 
])ioduccd as the omission current is increased, a brief description of which will be 
given below for lefereiict*. 

When the emission currents are small, the electrons which leave the filament 
arc accelerated by the positive grid till they pa.ss through it and are acted by 
retarding field when they enter the grid-anode space. vSince the anode is origi- 
nally at the same potential as the filament, the retarding electrons will have zero 
velocity when they reach the anode and may be collected on it or reflected. In 
tliis case the space charge in the grid -anode space depends on the total electron 
cun eut ai]id accordingly the potential distribution between the grid and anode is 
the same as in the case when the plate itself becomes the emitter of electrons. 
But as the emission from the filament is increased the space-cliarge in the grid- 
anode space also increases and makes the field zero even at a space nearer to the 
grid than the plate itself. Consequently the electrons turn back from the plane 
without reaching the plate. This plane of zero i>otential, which is called ‘ virtual 
cathode,' will move away from the anode towards the grid as the emission current 
is increased. This will decrease the transit lime of the electrons in grid-anode 
space and consequently the wavelength will be decreased. 

The various relations with the wavelengths produced, grid potential applied 
a!id the emission current as mentioned previously, have beeen critically studied 
by us and it. has been observed that the coiisidcralion of tlie emission current is as 
miportant as the grid potential in predicting the lengths of the waves produced 
by electronic oscillations. A new relation connecting the wavelength produced 
and both the grid potential and emission current has been derived by the com- 
bination of the equations of Barkhausen and Kurz and Tank. 

The relation of Barkhausen and Kurz for the wavelength genarated in a 
triode valve with cylindrical grid and anode is given by 



where and 11^ are grid and anode potentials in volts, and da are the dia- 
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niulcrs of the .ui'itl anode in cins. respectively and A is the wavelciic^th 
generated in cins. 

For a simplified case as employed in the present investigations, when the anode 
is maintained at the same potential as the negative end of the filament,, we get 

A^r^f/ = constant (i) 

The 1 elation of Tank for the wavelength generated and the emission cnrrcnt 
is given by 

AM ,.=■ constant ... fs) 

iM'om equations (i) and (2) we get 

1 I 

A ^constant. ... (3) 

The al)ove etiuation has been experimentally verific'd as described iji lalerscction. 

n X P Tv K T AT Iv N A I, A IT K A N Tv AI Tv N T A N D ( ) TI S Iv T^ A \ T T O N S 

1 he a[>paratns used fui the i)ieseiit investigations was almost similar to that 
used by Ibirkliaiisen and Knr/ aftei the inoditicaLion of (lill and Moirell. A i)air 
of berher wires bb (h^ig* 0) each 130 cm. long and si>aced 5 5 cm. apart, was 
connected to the grid and anode of a triode valve. The anode and grid were 
concentric cylinders encircling the straight fdaincnl at the common cciilial axis. 
'Phe desired efJcctive length of tlie external circuit was obtained by altering the 
position of a .sliding bridge consisting of a fixed condenser C of o-oo^ micro-farad 
capacity. A high variable iiositive potential was applied to the grid tlirough a 
filter F, which was connected to .jqo-volls 1) C. mams. The anode was connect- 
c l to the negative end of the filament through a sen.sitive calibrated galvano- 
meter C(t. The grid and anode potential leads were connected to the 
two ends of the bridge condenser C as shown in the figure. The 
filament current w^as measured wdth an ammeter A in Fig. j. A milli-ammeter 
MA in the grid circuit and the galvaiiomuler C( in the anode circuit togelliei 
mcasiireil the tola! emi.ssion current. After the filament was heated to the 
desired temperature, tlie potential a])i)iied to the grid was measured by means of an 
electrostatic voltmeter to avoid any leakage of current through the instrument 
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^I'lie lengths of the ultra-high frequency waves generated were nieasured by 
an auxiliary Ivcchei wire system loosely couv>led to the oscillator, 'rwo 

ends r>f the auxiliary Lecher wires were joined to the heater leimiiiiils of the 
vacuo thermo junction T wdiich v\as connected to a sensitive gal\anometer 
A metal sliding-bridge B was moved on the auxiliary Lecher w ire sy.st< ni in 
order to get the position of maximum current in the glavaiiometer frenn which 
the wavelength could be determined, liquation ( 3 ) of the last section was verified 
with various lengths of the external circuit. The wavelengths produced have 
been noted vvitli diilerent grid potentials and different emission currents obtained 
by changing the filament lieating current. Total emission current was obtained 
from the sum of grid and anode cui rents 'Vwo ty)>ical sets of obsorvalioiis 
verifying equation ( 3 ) are given below in Tables T ami II for two fixed lengths 
of the external circuit. The second column of these tables show' the values of 
total emission current. For obseivalions in Table 1 the bridging condense! was 
placed at 50 cius. away from the grid terminal and for those in Table 11 it was 
placed 100 ciiis. aw^ay 


Tahi.k I 


(Uai pc»t(.^ntiril (L J 

in voU.s. 

So 
So 
So 
100 


I 

I Knii.ssioii ('iirrcnt < 1 J 
I in niilli-ampcrc’s. 


.So 

hS 


.S 2 


\'\\'ivclcngUi gL'nrrat- ’ 

C‘(l (A) in I'lns. i 

I 

~ I 

‘71 

! 

CS 2 ! 

15^ 


JOO 

loo 

120 

130 

120 

140 

140 

160 


70 

1/14 

9 '< ! 

12S 

1 

53 

1 

j T 44 

115 

100 

160 

94 

65 

120 

110 

106 

80 

106 


SCO '2 
5S2.2 
.S03'4 

589-6 

588-0 

586 - 1 

576- 5 
570-9 

587 - 2 

577- 9 
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Tajji.e J1 


f Jr id potent ifil (K^i 

Umissitin rurrGnt ll,) 

Wnxoknglh geneiat 


in volts. 

in milli-ainiH iT'S. 

t-tl ^A) in cnis, 

80 

60 

104 

6794 

80 

08 

isfi 

679-0 

80 

;o 

184 

677*0 

100 

68 

j68 

6877 

100 

9 .S 

J 5 ^» 

68 / 1-4 

100 

95 

M 4 

6754 

120 

7 ^ 


671-6 

120 

120 

126 

681 *0 

120 

1^15 

118 

679-2 

140 

80 

i 132 

673-2 

140 

140 

j JIO 

675-9 


It will be noted from the above tables that the values in the last column 
are nearly constant. 'I'lie numerical value of this constant, however, changes by 
a small amount with the variation of the externa! circuit associated with the valve. 
This is due to the cliange in wavelength produced by altering the length of the 
external circuit as the observations were taken in the region of Gill and 
Morreil. Xt will be further observed from each of the above tables that, for the 
same value of the grid potential, the length of the emitted wave was reduced as 
the emi.ssion current was increased. I'he intensity of the oscillations, however, 
increased with the increase of the emission current. 

Table III shows below how the wavelength varies with the gradual change 
of length of the associated external circuit. 

Grid Potential ~ So Volts. 

Emission Current = 55 MiHi-amperes. 

Table 111 


Length of (he external eircuit 
in eni.s. 


o 

*5 

50 

75 

TOO 

125 


Wavelength generated (\) 
in cnis. 


144*0 

148-6 

150-4 

156*0 

158-8 

162*6 
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That the waves generated for the experimental observations were of the (iill 
<111(1 Moricll type wub fuitlier tested by the iiiclhod of Oockburii by dtuwiiig the 
curves showing the variation of anode current with grid potential, The portions 
of such curves within which the anode cuneiit remains conslant, indicate the 



Fig. P- 


region of grid potentials for the production of Barkhausen and Kiirz oscillations. 
The other parts of the curve in which tlie anode current is constantly varying, 
correspond to Gill and Morrell osciliatjons. The variations of anode current with 
grid potential have been show n in Fig. 2. Curves A and B have been drawn for 
two values of filament heating enn cuts used in the above experiments. It w^ill 
be observed from these curves that, within the limits of grid potentials (80 to 
volts) used in the above exiierinients, there is no part of tlie curves for which the 
anode current remained constant for a considerable range of grid [)otentiaI. 

S n M M A R V AND C O N C D U S 1 O N 

A detailed study of the generation of ultra-high frequency radio waves by 
electronic oscillations in a triodc valve has been made in the present investi- 
gation. The effect of the emission current on the lengths and intensity of the 
waves generated has been critically examined and a relation concerning the 
emission current, grid potential and the wavelength generated has been derived, 
I'liis has been experimentally verified and typical observations have been recorded. 
It has been concluded that the consideration of emission current is of considerable 
importance in predicting the wavelengths generated by these oscillations. It 
has been found that the lengths of the generated waves decreased as the emission 
current was increased at the same value of grid voltage. The intensity of the 
weaves, however, increased under the same condition. The oscillations generated 
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in tlic present investigations belonged to Gill and Morrell type. This has been 
shown by the jnelliod of Cockburn by draw ing curves indicating the variation of 
of anode cunent with grid t>otenlials. It has been further shown that, for such 
oscillations, the lengths of v\aves generated altered with tJie change of length of 
the external circuit associated with the valve. 

The authors desire to express their thanks to Dr. 13, Dasaiiiiacharya, Head 
of the Department of Physics, foi giving all facilities during the course of the 
above investigations. 
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EARLY MORNING VARIATION OF IONIZATION AND THE 
TRUE HEIGHT OF REGION F OF THE IONOSPHERE* 

By S. P GHOSH 

{Ki'ccivrd fo} publiraiwyi, Fchiiiauj .-j, f^yn) 

ABSTRACT RgmiUs of t)l.).sor vat ions varriid out at Cnlvnlta bu a i)vrioil of oik- 

war ,i937-:i-^J on earlv Jiioniin^ variation nl F-ioni/alion arc (lc‘s(’nl)C‘(l. It is found that 
lilt: aveiagv F ionizal iou, wliicli dvcrvast s during llic i*arlii r part of (In- nigfji, hvgins to 
iiHTt ase alter attaining a luiiiiinutn. The hour, at vvlueh the iiuaease Ijt giiis, vai res uith the 
mason. It ovriiis earliest in niid'U iiitei aiul shifts towards llie earF' morning liour \\i(h the 
apincjaefi of sinmner In nii«l-.siiinmer, tluTe is no pn -sinirise inei rase ot ioiii/ation 'I'liis 
iiiteresliiig result is explaiiud as diu' to eoohng of the lavei as a whole It is obv ious tlial thi^ 
('ffeet of (‘fUitraelirai diu to e( moling is observable i^nly if theie be sullieient hours of darkiu ss. 
The sliifting c)f the hour of ])re-suiirise fnerea.se towards the eaily nuaiiiiig hours and tin 
absenee of same ill suimner aie thus easily i jcplained. b'urther, it is found that the early 
morning miniinuni oc'eurs a/lt'i suuii^r at Kcgiini f in all .seasruis. 

fn order to find out the hour of siiinise at Region F', its tiiu- height has been eali ulated 
(roin the (jbserved {V' /) v iir\es ('.enerall\, the true height has been fouin! to b<’ alajui So km 
less than the ob.served eijuivaU nt height 

Cur\‘es (kpietiiig the variation of the hour of sunrise with height, taking inlf> ae^'ount 
tlu' ellcet of atinospborie refraetion, ha\'e been drawn. 

I. I N T R O T) 11 C 'r 1 O N 

It ib well known that tlic upper ionized Region F of the ionosphere is split 
up during daytime into two regions — F, (lower) and F. (ui)j)er). Witli llic 
progress of night, Fi gradually merges into and only one ionized ui>per region 
remains The Kegion F, in common with Region K, shows regular diurnal and 
seasonal variations of ionization. The Kegion F:,, however, docs not do so. In fact, 
m many respects the variation of Fo-ionizatiou with resjiect to the zenithal distance 
of the sun may be said to be erratic, and till now has received no sali.sfaetoiy 
explanation. It is therefore necessary to make observations on the variation of 
I''rioriization in relation to the incidence of solar radiation under as varied 
conditions as possible. An interesting and informative study is to find out hou 
the Fj-ioiiization changes v\hen the first rays of the rising sun stiike it obliquely 
from below the horizon. Such a study has been made for the case of Region li, 
and an interesting fact has been discovered. It has been found ' that tho 
Ui-ionization begins to increase not when the early inomiiig solar rays strike 

* Couiiimiiiratt'd by UicTikHiui rhyi''ical SiV’iety. 
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Region 1\, l)y gra/jii^^ the Slufaco of the earth but wlieii they do so by gracing 
the lop (at a height of about 35 kin.) of the ozonosphere. It is important and 
interesting to enquire if some similar phenomena occur in the case of Region F^. 

vStudy of the correlation between the incidence of the rising sun's rays on 
Region F and the consequent change of ionization, if any, involves two subsidiary 
studies. It is necessary firstly to prepare a chart showing the hours of sunrise 
in dilTererit seasons at various heights above the earth’s surface and secondly to 
determine the true height as opposed to the virtual height for every observation 
on Region F. The method of doing these and the results obtained are described 
in sections IV and V. In what follows we discuss the observed results on the 
assumption that these two data are known- 

II. M U T II 0 I) O V O R S R R V A T T O N 

The variation of F-ionization was studied by measuring the critical frequency 
at intervals of about 10 mimiles. Since it was not possible to vary continuously 
the frequency of the exploring waves, the whole range of frequencies used was 
divided into steps o to 0 3 megacycle- The penetration frequency was deter- 
mined by the usual method Kach measurement took about .] minutes. 

During the months of July to December, ig37, weekly observations v\cie^ 
taken from about one hour before sunrise hit Region F) to about ground sunrise. 
For reasons given later, it was decided in January, 1938, to extend the period of 
observation from :23oo hours to ground sunrise on the next day. 

in. RRSULTvS AND 1) I vS C I! S vS 1 O N 

111 Figs. 1 to 8 the penetration frequencies have been plotted against time. 
The day-to-day variation of penetration frequency is irregular. The average 
variation for the month is therefore given and is shown by the thick continuous 
line. The hours of ground sunrise and the sunrise at the mean height of the 
F-Iayer are marked on the abscissa. 

Inspite of the erratic nature of the variation of ionization, certain regular 
characteristic features of the average change of ionization during the early 
morning hours could be recognised. These are discussed below. 

(a) P re- sun rise Inc tease of lo}ii::alion 

Insjiection of Figs. 1 to 3, 5 and 6 shows that there is in general an increase 
of ionization in the hours of darkness before the rising of the sun in the F-layer. 
It is also observed that the Iiour at which the ionization begins to increase recedes 
from the hour of sunrise (at F-layer) with the approach of the winter solstice. 



Penetration frequence OIc., sec.' Penetration frequency Qlc./.^ec,) Penetration frequency «Mc,/sec,) 
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ri(;uRi{ 7 Figure S 

Wu note, for instance, that in the inonlh of July, 1937, the hour of increase is 0320, 
that is, .'lo ininntes before the sunrise, whereas in January, 1938, the hour of 
increase is oeoo, that is, 3 Ins- 40 mins, before tlie sunrise at F^layer. 

Noh \ — 'riie liour of increase of ionization could not lie recorded in the 
month of December, 3937, as observations were not started early enough in the 
morning. The fact that we were unable to record the pre-sunrise increase of 
ionization by beginning our observations at the hour hitherto employed (about 
one hour liefore the sunrise in F -layer) led us to commence our ol)servations in 
the following months at ^300 h. 

'I'he pre-'sunrisc increase of ionizati^m has been observed by several w^orkers 
amongst whom mention might be made of (ulliland,^ Appleton and Naismilh,* 
and Martyn and Pulley. The last-named anlhors inteipiet this eiirioiis increase 
as due to the cooling of the layer as a whole and remark that this efieet of cooling 
would be observable only in winter when stifficieiit hours of darkness are 
available. This hypothesis ohers a simple explanation of the shifting of the 
hour of pre sunrise increase of ionization towards the earlier part of the night 
in winter. vSince the sunset occurs earlier, the effect of contraction by’^ cooling 
also occurs earlier. It should be noted further that wdth the approach of 
summer solstice, in the months of April and May, 1938, no pre-sunrise 
increase is observed. Tliis also can be i^xplained if we remember that in these 
nionlhs the hours of darkness are small and hence before the contraction due 
to cooling is fully effective the sun's rays strike the layer and begin to warm it. 

(b) Corrclalion with Sunrise 

As mentioned befoie, the ionization aftei increasing in the small hours of 
the murning begiiivS to show a decrease. This phenomenon is very general and 
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lijis been noticed by many investigators. One may explain this decrease as due 
to expansion by wanning by the incidence of solar radiation as o]i])osed to 
contraction by cooling during the dark hours. If this hypothesis is correct, then 
the hour of decrease mUvSt correspond to the hour of sunrise in the Kdaycr. Our 
observations indicate that some correspondence exists between the two only 
during the inonlhs of July to November (Figs, i to 3). But tlie evidence seems 
to be too weak to warrant any general conclusion. 

One interesting point may be noted here. The ionization attains a 
miiiimuin value after the sunrise at F-layer. 'Phis liotn of mininiuin ionization 
is found to be farthest removed from the hour of sunrise in snimuer. With the 
approach of winter solstice, this hour tends to coincide with the hour of sunrise 
at Fdaycr. Thus the height of sunrise corresponding to the hour of early 
morning miniimmi of ionization is greater in wdnter than in summer. 'iTis has 
also been observed by Appleton and Naisiiutb in luigland and by Mathnr '^^ at 
Allahabad. This shifting of tlic hour of early morning miniiiiiim of ionization 
may be explained as follows : 

In the early luoniing, after sunrise at Region F, the J^'-ionization density 
depends i)iimiirily upon two faetorS” (/) tlie rate of detachment of electrons 
from negative ions of al(anic oxygen and (ii) the rate of heating and eemsequent 
decrease ill density of the layer by the incidence of solar radiation. From the 
data it thus a[)pears that the effect of liealing at first predominates over that due 
to detacliinent of electrons. 'Phis effect persists for a longer lime in snnmicr than 
in w/ inter. 


IV TKnn: n i* ir, n t nv rkt. ion i- 

For the purpose ol determiiimg true height from the observeil vninal height, 
a method suggested Iw INlnrray and Hoag has been adopted. A full dcseripllon 
of the method is to be found in llieir pai)er. h\>r ealeulation Ijy this method it is 
Ilf)! necessary to assume any i)aitienlar ty])c of iniii/.alion gradient of the layers. 
The inellK)d is, iKJw ever, laborious, as, for each ]»oiiit of the curve showing the 
variation of true heiglU writh wave-frequency , it is necessary to carry out a long 
set of calculations. Recently, an elegant and mole (‘onveniciit method of calcula- 
tion has been indicated by Booker and Seaton,'* 'Phis method, liow^evcr, assumes 
a jiarabolic gradient of ionization and yields reliable results only if the actual 
gradient conforms to this type of gradient. 

tn Figures g to 12 the results of a calculation of the true height from the 
observed (F'-“/) curves for tlie Regions K and F are shown. The continuous line 
curves A' and A arc the (P^ — /) curves for the Regions K and F respectively and 
the broken-line curve B gives the true lieight to which a radio wave of a particular 
frequency rises liefore suffering reflection. Tt will be seen from the figures that, on 
an average, the tine height is le.ss than the virtual height by about Joo km. 



106 


S. P. Ghosh 


Tlie difference between the two increases as the critical frequency is approached. 
It is to he noted also that the average difference varies from day to day. In Figs . 
10 and II, the average differences are about So km. on 6 th October, iy 37 > 
about J50 km. on rsl December, 1937* respectively. 



Pn i)iicU('y /see.) 
b'lGURK 9 



Freqnemy (Me. /.see.) 
FiOURK 10 



0L_J j l—J 1 ^ ' I ‘-i 

PrtiinciK'v (Me. /.see.) 

P'lGURK n 


j ' ^ j ' I 

l''rc(iueney (Me. /see.) 

Figure 


V. HOUR.') 01' vSUNKlSE A '1* I) 1 I' 1' K R li N T LEVELS OE 
T II E A T M 0 S P HERE 

The hours of sunrise in different seasons at various heights above the earth’s 
surface have been calculated by using the well-known astronomical relation be- 
tween the zenith distance of the sun, latitude of the place of observation and the 
hour angle of the sun for sunrise at any particular height. 'I'he effect of refrac- 
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lion which ticceleratcs the time of sunrise has been taken into account. In 
13 and 14 curves delineating the variation of the hour of sunrise for the latitude 
of Calcutta (22“ 33' N) with height are given. vSince it is not practicable to gne 
the curves for all days on which observations have Iweii made, these are diawn 
here for a complete year at intervals of about a fortnight so that tliey may be 
used by the ionospheric investigators in this country. 
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A RELATION BETWEEN VELOCITY OF SOUND IN 
LIQUIDS AND MOLECULAR VOLUME 

By M. RAMA RAO. M.Sc. 

Department of Physics, University of Mysore, Bangalore 

^F^cccivcd for {yublicaiion, Mmch 

ABSTRACT. The relation 7.'^ . V = R between tlic velocity of sound in liquids (tO and 
molecular volume (V) holds good in a large number of liquids. Combining this with the 
expression for the energy of a vibraiing molecule and Debye’s expression for the frcquine 
of a vibrnliiig nudeeule, it is shown that the energy of a vibrating iiioleeule, is proportional 
to its fref]iiencv of vibialion. An expression for the variation of the velocity of sound 
with temperature is given and a fair estimate of the critical temperature is shown to be 
possible therefrom. 

Ill recent years a nunibei of iiive.stii»ators ^ have delcnnined the velocity of 
sound ill liquids particularly for the ultrasonic range of frequencies. Data for 
the velocity of sound in some liquids at different temperatures are also available."' 
All other liquids except water show a considerable increase in compressibility 

Table 1 




Temperature Co- 

Temperature | 
coefficient of i 


Liquid. 

Temperature *C. 

eflicient of acous- 

volume ex- | 

Ratio. 



tic velocity x loL 

pausion x loL i 


benzene 

1 

15 

i 

- 3-71 i 

I-IQ 

- 3-12 


35 

- 3-68 i 

1-24 

“2-98 


45 

-3-82 j 

I'27 

-3.00 

mher 

1.S 

- 4'55 

1-56 

-2-92 

Carbon telra- 

15 

-3.61 

' 1*21 

- 2-99 

chloride 




i c 


45 

- 3-55 ' 

i 

1 

“2'&2 

1 

Heptane 

25 

- 3'64 

! i '24 

1 - 2C3 

1 « 


45 


1 Jl ’2CJ 1 

1 1 


Octane 

25 

-.V 52 

1 1'12 

1 -yo} 


45 

“- 3 ‘^s ; 

ri9 

1 

6 

Chlorobenzene 

20 

-2 79 ; 

0-89 

1 - 3*32 

Aniline 

25 

-^241 

0-84 

1 -i-S? 

I 
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with temperature, resulting iu a decreased velocity of sound- Physical proper- 
ties of a liquid like compressibility, density, etc., are intimately connected with 
the cohesive factor in van der Waal's equation being largely dependent on the 
internal forces between the molecules- According to Wheeler ^ it is possible to 
calculate the values of a number of properties of a liquid from a knowledge of 
the inolecuiar volume at a given temperature and of the gaseous molecular 
attractive force constant and force coefficient, or alternatively of the parachor. 
Any simple relation between the velocity of sound and molecular volume of a 
liquid should therefore be interesting and fundamental. 

A study <jf the measurements of the velocity of sound in liquids at various 
temijcraturcs shows that the ratio of the temperature coefficient of acoustic 
velocity to the coefficient of volume expansion is constant for a numlKr of liquids. 
Table I gives the values of the temperature coefficient of acoustic velocity, the 
coefficient of volume expansion, and their ratio for a number of liquids. 

The mean value of the ratio is - 3 + 0T2 


Thus 


I dv 

V _dt_^ 
1 dV 

V ■ di 


(i) 


where velocity of sound in the liquid at temperature 

0 

V = volume of the liquid at the same temperature. 

From the above result (r) empirically obtained, it follows 

v^.V = R ... (3) 

where R is a constant independent of the temperature of the liquid.'* Table II 
gives the velocity of sound and density of the liquid at various temperatures. 
I'he variation of acou.stic velocity with frequency ( if any ) is neglected and the 
liquids are assumed to have no acoustic dispersion. R, the product of the mole- 
cular volume V and is seen to be fairly constant over the entire temperature 
range for which values arc available. 


TabIvE II 


Litjuitl 

1 

Temperature 

•c 

Velocity of sound 
m /sec. 

Density. 

R. 

Beii/eiie 

10 

* '375 

0-8896 

975-7 


20 

T324 

0-8790 

975 


30 

1278 

0-8684 

975-4 


40 

1231 

0*8576 

975^4 


50 

1184 

0-8467 

975'« 
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Tahi.E II {contd,) 


Liquid. 

Temperature ^C. 

Velocity of Sound 
m./sec. 

Dc tisity . 

R. 

Toluene 

o 

1414 

0-8848 

1168 


lO 

1370-5 

0-8752 

1168 


20 

i 327'5 

(1-8657 

1169 


30 

1284-5 

08563 

J 169 


40 

1242 

()- 847 o 

n68 


50 

1199 

0-8378 

116S 

Carbon tetra- 

0 

1008 

1-6327 

944-3 

chloride 

10 

970 

1-6134 

944-1 


20 

935 

1-5939 

94 ^‘4 


3 ^ 

904 

1 - 574 S 

944-3 


40 


1-5557 

945 '^> 


50 

843 

1-5361 

945-8 

Aniline 

0 

1742 

i-t* 3 .Sij 

1077 


10 

1700 

1-0303 

1078 


20 

1659 

1-0216 

1077 


30 

1619 

1*0130 

J078 


/\o 

1579-5 

1-0044 

J079 


SO 

1540 

0-9957 

1079 

Chlorobenzene 

0 

1362 '5 

1-1279 

iic6 


TO 

1322'5 

11180 

1105 


20 

1284-5 

1 ■ j 060 

\ 106 


30 

1248 

r '0980 

1 104 


40 

1212 

I 0844 

3106 


! 50 

1178 

I '0730 

noH 

Heptane 

0 

j 1235 

0 7005 

1533 


10 

1196 

0-6920 

i 53 t> 


20 

1154 

0*6826 

CS 3 « 


30 

1112 

0-6751 

LS36 


40 

1070 

0-6665 

1556 

- 

50 

1028 

0-6579 

3536 
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T/vi31,k T1 (conid.j 


i 

Liquid. i 

( 

1 

Temperature- ‘C | 
i 

■ 1 

Vel»*citv ()f Sound 
m./sec. 

i 

Density. ; 

R. 

( )('taiir 


1277 

0-7185 

1724 


10 


07103 

1724 


20 

1102 

07021 

1723 


30 

1150 

0*6940 

1722 



iJoH 

o‘685q 

1721 


.so 

106.'' 

o ' 6 yyu 

1719 

KtJjC'r 

0 

1095 

1/7362 

1037 


in 

io,S 4 

0 7248 

1040 


20 

IOo() 

'>' 7 i 3 .S 

1040 


30 

m 

07019 

J037 

Vcetoin^ 

() 

1273 

o’lSi 25 

774*1 


lu 

1231 

o‘8<‘)I4 

776-4 ' 


2 D 

11 go 

07903 

77 «y 


30 

1146 

07788 

780 


40 

1102 

0-7672 

781 '6 


50 


o '7554 

782 -y 

Broiiioform 

10 

033 

2-886 

863 


2<» 

9.8 

2 .SsS 

863 '2 


30 

007 

2-830 

S64'8 

• 


40 

886 

2 ‘802 

866*4 


50 

865 

2774 

■' 868*4 

'1 ethyl alcohol 

D 

T187 

o'Sioo 

418*6 


10 

* 1154 

o' 8 oo 7 

4 ^ 9*5 


20 

1131 

07913 

420*4 


30 

1088 

07818 

431 3 


40 

1056 

07723 

422*3 


50 

1023 5 

07627 

423*1 




Relation between Velocity oj Sound in Liquids, etc. lU 

T/V13I.K 11 (con id.) 


Liquid. j 

TtMiipeiature i 

1 

Df Sound ! 
m./ser ; 

‘ i 

Hcnsil v . j 

1 

R 

OlyiTrine 

i 

TU i 

1 

J 94 i\S 1 

1*267) 

^06-5 


20 

"123 i 

I 2613 

008 



1 

1 (K*'-. 

1 

^■2333 

W 3 


40 

rSS6\s i 

1 

I ‘2491 

gio 7 


50 

l.%.Ss 

1-2427 

912 2 

Nitrotolncne 


1 1373 

I n6 

13<’5 


^7 

1363 

1114 



74 

'.W 5 

1 105 

1367 


05 

,.77 ; 

1 86 

1 

1370 


gS 

1 

j ^-^7 

1 ‘083 

137^' 


1-3 

ugi 

I '061 

1370 


126 

1176 

1 '038 

j 1368 

p Dii'lduru” 

72 

1082 

i’23o 

1227 

bi'Jizol. 

84 

1050 

1*219 

1226 


94 

<X «3 

I ‘ 2 u 8 

1211 


i.So 

‘'^57 

T‘142 

1213 


vSiuce the molecular volume of a liquid is proportional lo tlie cube of the 

i 

inter-molecular distaiiCLM't follows from the result 7»*\V-R that tlie velocity of 
sound in a liquid varies inversely as the ninth power of the distance between the 
molecules. According to Wheeler the energy of a vibrating molecule is inver- 
sely proportional to the Toth power of the mutual distance between two mole- 
cular ctmtres. 

Hence K cx ^ ^ ^3) 

From the empirical result wc have obtained, it follows that 

vcx. — ^ . ... (4) 

cr* 

Combining (3) and (4) it follows that 

j; / constant, independent of temperature. ( 3 ) 
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According to Debye, the frequency of a vibrating molecule in a liquid is 
given by 


47rV 

where N = avogadro niinil)cr, 

V = molecular volume, 

=:. velocity of sound in the liquid. 


I • i> 


Since — is proportional to fr* 

N 


we have v=c— ... (6) 

where c = constant . 

Combining (5) and (6) wc have 

: constant. I7) 

This result shows that the energy of a vibrating molecule is proportional 
to its frequency. ; 


VARIATION OF T II K V K L O C I T Y f) F SOUND WITH 

T K M P E R A T U R E 


The equation, d^.V = constant, shows that the change in the velocity of 
sound with temperature is determined by the dei)endence of the density of the 
liquid on temperature. The variation of density'’ with temperature from the 
freezing point to the critical point is represented for non -associated liquids by the 
equation 


l)-d = D, 


oj 

/ 


where D=density of the liquid at Abs., 
d = density of the vapour at 6 ° Abs. 

The equation also holds good for associated liquids over the lower part of 
the temperature range and in some cases nearly to the critical point. The zero 


volume 

Do 


is nearly proportional to the critical volume for most of the liquids. 


Further, the critical temperature predicted from density observations are in good 
agreement with the observed values. 
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In the lower temperature range the density of the vapour is small and may 
be neglected in comparison with D and so we have 


Combining this with 


D = D„ 




D 


constant. 


we have 



III 


This equation gives the variation of the velocity of sound with temi)erature. 
The critical temiieratures deduced fiom sound velocity ineasurenients are collected 
in Table III and arc coiiii)ared with the observed values. The agreement is 
satisfactory. 


Tahi.k hi 


Liquid. 

0, Cal. 

», I'ixpt. 

Bi’iizeiiC’ 1 

' 

thi’5 

Carhoti tetrachloride | 

1 

551 

.w'’ 1 

Chlorohen/ciie 

6oy 


Diethyl ether | 

■m 

')f>7 

Toluene 

1 

57^ 

,sy4 

Octane* 

1 

‘■'19 1 

561 J 

Heptane 

545 

S4„ 

Nitrotolucne 

1 

734 

7S4 

p-Dichlorobenzcue | 

1 66o 

j 675 


While considering the temperature variations of physical properties of a li(iuid, 
we have found it necessary to define a new characteristic temperature H given by 

0 -^0 

- ■ where and refer respectively to the critical temperature and the 

"c "f 

melting point of the liquid. It has been shown that, expressed in terms of this 
characteristic temperature, many of the physical properties of the liquid vary with 
temperature according to a simple law’^ 

Z=Zf 0 ", 
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whert- Z/^“' value ol the physical entity, at the niclling point O f 

=a positive or negative fraction. , , 

In teiiiis of this reduced temperature the variation of velocity of sound with 
emperature in particular is given by 

v=^v f ^ . 

hi conclusion it gives me great jileasure to thank Mr. L. Sibaiya for his 
guidance during this investigation and Professor A. Venkat Rao Telang for his 
encouragement. 
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THE THEORY OF COMPTON EFFECT 

By K. C. KAR 


IKecflved for I'ltbHcation, Manh iS iQ^jot 


ABSTRACT. The wav'c.slati.stioal theory at interactimi hetween radiation and niatter 
previously developed is extended l)y taking into aeeoiint the energy and nioinentuui of recoil of 
the .scattering electron The well-known Itinstein-Ttiriie foriiinla tor the inleiisitv of roini)lon 
.scattering i.s deiived 

While disc tissitig roceiilly certain probicnis^ on the interaction hetween radi- 
ation and matter from the standpoint of wavestatistics, T have derived, among 
others, Thomson ‘.s classical formula for the scattering of radiation l)y an electron- 
In so doing I have neglected the change of frequency that is produced hy the 
recoil of the scattering electron. The object of the present paper is to show that 
the intensity of Compton .scattering may be easily derived by the above method if 
the change of frequency mentioned above is taken into account. 


Now the fundamental assumption made in the [irevious pai)er is that as soon 
as the incident radiation /iv, approaches the scattering electron up to a critical 
distance r„ , both the q- and components of the phase space for the region 
surrounding the eicetron (r ^ >) temporarily acquires negative vi.scosity relative 

to the region outside (r ^ r„ ,). Asa result of that, hv, enters the inner region 
thereby considerably increasing its phase density. Conseiiueutly the region inline- 
diately develops positive viscosity relative to that outside and the radiation is 
scattered away in different directions. This is in .short the mechanism of scatter- 
ing as imagined in vvave.statistics. It may, however, be noted that the critical 
distances of approach and scattering may not in general be the same. 

As already shown the wave equations are 


Ax, 1- 





b^ir- 

qTT-E 


|Xl=o. 

/ 


inside 


Axi + outside 


(i) 

(e) 


uii(] similarly for X2 'vavc. In the above h denotes the viscosity and 1 1*2 the 
average interaction potential between radiation and the free election. It is evi- 
dent that L]o = o for the region inside, while TJ2=^o foi* region outside. This 
may be taken as the condition which helps the growth of viscosity in a given 
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phase space. It is shown before that the interaction potential for s-type radiation 
is given by 


U- = sm^y 


(3) 


vvhert; ni is the mass of the electron, 12 the vokiine, « unit vector in the direction 
of the electric held of the electromagnetic wave, Q, the coordinate of radiation and 
y, the phase. As eqs. fi) and (2) must be identical at the boundary we liave for 
5-tyi)e radiation 


= .U/ 


... (4) 


where b and b2 the nature of the viscosity coefficients of the q- and p- 

spaces respectively. 

It is shown before that the vvavestatistical average 

. , / hv \i 


and as wc have approximately Q'*’ =(Q^,)^ the interaction potential in (3) becomes 


LU = 


I 2 n 

//r 5 ~o ■ 

. . <«‘Siu^*y . 

TTllni s s 


<«*siu*^*y, . c 


lyCt V., be the frequency of the primary radiation. Its number densities 

before and after scattering arc evidently ~ and — ^ respectively. Consequent- 
ly 1 L 

ly the number densities of the scattered radiation of frequency before and after 
scattering would be o and respectively. Hence we have for tlic scattered radi- 
ation corresponding to (6) 


~nihn • 


— . sui^y c 
V cr Sr 

’ cr 


47r/v^^ I 


... (7) 


On substituting in (4) the value of Vt from (6) we get for the daminng co- 
efficients of .S'- type radiation 

( fi )i “ 27:iv i 


vSniiiiarly we have for the scattered radiation 


Ul ~b2=27r 


-r.-: ■ sin^v 


I rrilm ^ 


i 27 riv i 
^ a 

c 


... (9) 



Theory of Compton E0eci 


Ou putting bi' = tti' we get from (8) after iutegratioxi with respect to t 

\ )4 . — airiv, / 

Hence we get for the rate of scattering in the g-space 


I sv _ «r 26 " 1 — — =~5 ( 

bi - aib] = f\ — •) "raisin'* y, sin* y !■ a. 


■v-(‘ 1 

1 - V -M ^ 


27 Ti ( V ’“V )/ 
V S cr' 


It should be noted that the above represents the rale of scaltcrinj^ by one 
cieetroii. So to get the rate of scattering by a volunie-elenient dr, where the 
instanlancous number density of the scattering electron is given by 

^^iK;y,( kin .) ^ 

Ddr^Xi.m X2p n • c .c dr, ... (ju) 

one has to take the product of (ii) and (12). Now, putting K^j = we find 
from (12) 

27 r?E„ ^ 47 r?Kn(kiiK) ^ 

f-v j . 27r/i’/^ ^1 fi Ji j t ' \ 

I)rfr = r . . e e dr ... (12 1) 

It is well-known in wa vesta tistics^ that because the phase waves are station- 
ary, the last two exponential time factors may be dropped while integrating over 
the phase space. 

Thus the rate of scattering per electron when there ivS change of momentum 
of the scattering electron, is given by 


, s(T 2e^ ) ^ ^ i 

- sm^y^siu^ J- . ti, 


i 1 — 2ni{v + v' — 1' )(! 

^ i c s ^ 


X2. « dr . 


... (J3) 


It is evident that the integral in (13) repi'esenting the scattering cleetron 
is unity. It would be, however, noted that the above inlegtal for a fiue eVclron 
does not vanish because the electron before and after scattering moves in clincuiit 
directions. We have then from (13) 


•|a‘-^a^sm^7 sin‘^7 ^ 




• H-v' — v )i 

S tr 


.. fbn: 


Now as b\^ = we have on integrating (131) with respect to time and 


remembering that a\^ = o at f = o, 

sin ^7 ' 

~ riST) " ‘ 




— 2TTi{v 't 

V (v 4- 1 '' — V ) 

5 s ^ 
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Similarly 


A’rr 

a.> “ ^ 


' o A / 2 1 

o,;a^sni-7 I . i -_£ 


nil 


m 


27 :i{u^ + v - )i 


V (v -{-y —V ) 
5 i* cr' 


Ninv the total number of quanta scattered in any component is 

]Sj = iai a.2 - 


fT5) 


... (i6) 


In order to reidace the summation by integration one has to multiply (i6) 
by ^ .1 giving the number of hv -quanta of one kind of spin 

n or 


ill the volume £i, moving at an angle 0 with the direction of the incident radiation. 


we may take 


siny,^ 

siny. 


and y 

are 

5 


270' 

\ 

CT 

r 


c 0^^ 

.. 1 

^ 2 nv 
— r 



V 


c 0i> 


27rv^ / > 

Sin 1 1 + rt 

C \ 0(r (T 


sin — r +(i 
c os s 


(17) 


wliere r , r are the boundaries for tr- and i-type radiations, 
o^r * os 

hel us assume that for the (^-space 


V r — i' r 
o- OCT 5 05 


... (i 7 ’t) 


u liich means that the harder ray is more penetrating. vSo from (17) wc get 

• (i7’it) 


sin*y^^/sinv^= 1. 


'fhe above assumption cannot be valid in the /?-space. 
in this space 


r 

OCT 


a 

(T 


r 

OS 


a 

5 


It is assumed that 
... (l7'2j 


ii;.d lAj is, as it should be, nearly equal to Consequently from <"17) 

we get approximately 

V 

siny /Siuy = . ... (i7’2i) 

Again we have 

sin^y = i . (t8) 

Hence, on substituting the values given in (17*11) and (i7'2i). on remembering 
(18) and replacing the summation by integration, we get from (14), (15) and (16) 



Theory of Compton Effect 


H 

nilnrc'^ j J A- 


siir‘^7r(i' >1 r' - ,- )/ 

.V (r' 

(,, yj - 

S \r 


r'‘ d\' 

if' <r 


If tile incident beam moving* aloii.i> .v-axis is unpolarised, then for sratlcred 
radiation at an angle ^ we have” 

( 1 - 0 -- ^(i +co.s‘^(5) . (,,) 

S tr 

Now in Compton scatteriug, the loss of energy of the free electron, r/,;,,, 
l'N-l',„. “ In’', depends on the direction of its recoil, i.c., from the conservation 
of inoinentnin, on the angle of scattering of the radiation. Thus we may put 

= +’■' ... (21) 

where is the frecpiency of scattered radiation at angle 0 and from 
conservation of energy and momentum it may he e'asily showm that 


'i 1 f<i(j -cos#) ’ »)()(■ 

lleuee fig) takes the form 

^ QC 

A II r T sin-n-(i',, — V )/ 

N = ~T C a T • -s 1(1 +c'os''^#)sin#(i#l r'Vv (22J 

0 0 

because the value of the expression, within the sign of integralioii willi 
respect to , is concentrated near — v^, one may take v'J, out of the inte- 
gral as v^. The integral that is left can be readily transformed to tlic standard 

(7 


^ f. 

C^m^kx 

3 


' dx — rr/v . 


Hcncc ue have from (: 32 ) 


N - 

A' f2rn‘'^c 


7 T 


r^(i -l-cos"^)sin<9d(9 


Let denote the intensity of Compton scattering at angle (9 at a distance 

^5 .... 

r from the scattering electron and I(, = yy the intensity of incident radia- 


tion. 
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Wc Iiavc from (23) 

I, = lo. 




( 1 + C()s‘^0) ■ 


(24) 


which is the formula for the intensity of Compton scattering, as given by 
Einstein, Dirar and others- 

If wc neglect the energy of the recoil of the scattering electron, v' = o and 
so from (21) . Hence from (23) after integrating with respect to 0 


I “ I 

3 m-c* 


(25) 


which is the well-known Thomson formula of classical scattering. 


PnvsjeAr Laiiouatokv\ 

I’KIvSinUNCV CtJI.Mtl.h, 
CALeUTTA. 


K Ji 1^' ]\ R ]•: N C K S 


K. C!. Kfir, Phil. Maj'. (February, J940). 

* All. Compton, A'-ray^ and FJcclrons, p. 60. 
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ROTATIONAL RAMAN SCATTERING IN LIQUID OXYGEN 

By BISHNUPADA SAHA, M.Sc. 

{Received I or publication, April j, U}.jo) 

Plate IV 

ABSTRACT. The rotational wing dne to liquid oxygen has been stndied using a sja eial 
technique to remove suspended particles iroin the liquid and a spectrograph capable of resoh ing 
the ifdational lines of Og in the region of 4046 A.l-'. Tt has been found tliat rotational scattt ring 
does not consist of sharp lines but it consists of a emit inuons wing in wliicli the piKsition of 
niaxiniuin intensity is the same as in the ease of the gas and also the extent of lh(‘ wing agrees 
with that of the rotational Raman spectruin observed in ease (T gasecnis O2. 'Ihe signihcaiue of 
the rcvsults is discussed. 


1 K T R O T) n C T I f) N 

The distribution of intensity in the continuous spectruin which appears in 
the neighbourhood of the Rayleigh line in the speclnnn of light scatkicd by 
many liquids has been studied by various observers. ’ It has been reported by 
most of these observers that the ob.servcd distribution of intensity docs not agree 
with that expected according to the theory of scatleiing due to free rotation of the 
molecules. As is well known, if the rotational lines be too close to each other to 
be lesolved by ordinary spectrographs, a continuous rotational wing is expected 
to appear in the neighboui hood of the Rayleigh line, the intensity in the wing 
being zero up to a short distance from the centre of the Rayleigh and after rising 
to a inaxiinum value at a certain distance from the Rayleigh line depending on 
the moment of inertia of the moiecule, falling olT gradually and becoming zero at 
another distance. The observed rotational Raman scattering in the case of liquid 
hydrogeu consists of discrete lines similar to those observed in the case of tlic gas, 
hut in the case of many other liquids wMth simple molecules (i) the position of 
maximum intensity is not clearly separated from the Rayleigh line and (a) the 
wing extends to a larger distance than expected from the above theory. 

Various explanations have been offered to explain this discrepancy, dross 
and Vuks' attiibute the origin of the “wing” in the neighbourhood of the Ray- 
leigh line to lattice oscillations in quasi-crystalline groups of molecules which 
according to them persist in the liquid state. They observed some new’ lines in the 
neighbourhood of the Rayleigh lines in the case of some organic crystals which in 
the tnoHen state produce intense wing close to the Rayleigh line. They think 
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that the lines observed in the solid state spread out to form the wing in the liquid 
state. It has been shown by vSirkar’"* and vSirkar ct al ^ that the wing cannot have 
iss origin in the lattice oscillations and there is no quantitative correspondence 
between the intensity of the new lines observed in the case of any substance in 
the solid state and that of the wing due to the same substance in the liquid state. 
Sirkar and (Uipta*"’ have also pointed out that the observed facts lead to the con- 
clusion that the tnajor [)ortion of the wing is due to rotation of the molecules in 
the liquid state; but, superi)oscd on it, there is another portion having some other 
origin. 

Hhagavantand* ])ut forward the hypothesis that the portion of the wing far 
away fiom the Rayleigh line may be due to hindered rotation of the molecules, or, 
in llie other words, to the angular oscillation of the molecules about the position of 
equilibrium in quasi crystalline groups Rousser has pointed out that the inten- 
sity of the scattered light due to such oscillations varies with the amplitude of 
fiscillatioii and is negligible foi the amplitudes postulated by Bliagavantam 

Rousset^ has pul forward dilTerent hypotheses to explain the divSCTej)aucies 
mentioned above. According to him the w ing extending from the centre of the 
Rayleigh line consists of two parts, c.g., (i; one part lying within ;!o cm ' from 
the Rayleigh line originating from fluctuation of molecular field, this part being 
called !)>’ him “ the Cal:)annes Daure Kffccl ” and (.d tlie other part due to rota- 
tion of molecules with restricted space quantisation. The restriction in this space 
quantisation postulated by him is as follows : when the molecule is free to 
restate in all directions, the number of molecules in the quantum stale 

h ^ 

/ is (^7 ^ i)c -kO ^ wdiere 13 ^ i This number is maximum when 

(?J H ^ liquid state cybotactic groups are formed and the axis of 

molecules in such a group can rotate only in one plane and therefore the space 
quaiUisaiion is absent, and the number of molecules iu the state J is (/+ i). 
This number is maximum when — i or approximately the position of maxi- 
mum intensity coincides with the first rotational line. It can be tested by study- 
ing the rotational Raman scattering in liquids having simple molecules whether 
such a restriction in space quantisation actually occurs. Iu the case of liquid 
hydrogen, McLennan and McLeod'^ observed two lines with relalive intensities 
the same as observed by Bliagavantam^^* in the case of the gas. But no definite 
conclusion can be drawn from this fact liccause the two lines due to the tiaiisition 
() — and 1 — >3 are due to para- and ortho-moleciiles respectively and the relative 
numbcis of these two types of molecules change with time. 'Hie next simple 
diatomic molecule giving intense scattered light isOa and the rotational scattering 
due to gaseous oxygen at various pressures has been investigated thoroughly by 
Bliagavantam^ ^ and Trumpy.^ It has been observed by Tiuinpy that even at a 
pressure of 6o atmus]jhercs discrete rotational lines appear in the spectium of 
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scattered light and the observed relative intensity of the lines agree with those 
calculated according to the theory of scattering due to fiee rotation of the 
molecules. The lines at On atinos])heres, however, aie iniieli hrnadei lliaii those 
at 5 atnio-spheres. 

It would be interesting, therefore, to iiivestigati wliethci siiiiilai lines are 
observed in the case ot liquid oxygen. 'I'lie Raman siieelniiii of li(]iiid oxygen 
has, there! oi'C, been studied with suitable technique in ordci toiuvestigatethe 
distiibution of intensity in the rotational wing and the results ars discussed in 
the present paper. 

K X I> It R 1 M !v N ’f A L 

Tile main difficulty in recording the rotational wing due to litjuid oxygen is 
due to the fact that the commercial liiiuid oxygen when cxjiosed to atmos]ihere 
becomes turbid owing to the condensation of inoistiire and the formation of small 
particles of iie in the liquid. These ice particles seatlei light very stiongly and 
hence the Rayleigh line becomes over-exposi-il and .si»read out so as to mask 
the rotational wing. In the iirescnt investigation an iinangemeiit was made to 
inevent the formation of ice particles in the li(|nid oxygen used 'fhe b(|uid 
oxygen supplied by the local maiiiifactiirei s was contained in a vertical unsilvered 
Dewar vessel of Pyrex gla.ss ; but, before introduction into the vessel, the liquid 
underwent three stages of liltialion, the first stage being through a bed of solid 
carbon dioxide and the other tw'O through filter papers only, 'f'he first filter bed 
was pre.seiit at the mouth of the Dewar vessel throughout the exposure and thus 
ptcv^eiited subsequent absorption of moisture by the liquid aii below. 1 he liquid 
was illuminated by light from two mercury arcs focussed by two large glass 
condensers of short focal length. Also a metallic curved reflector at the back of 
each lamp w'as used to improve the illumination. A Fue.ss gla.ss .si»ectrograph 
with a dispersion of about I I's A. U. in the region qoqOA.t’. was used, fhe 
.Stokes .side of the Hg-line qoqo A.D. obtained with this .spectrograph is free from 
coma for moderate intensities but when the exposure is long enough to record the 
qj.|5 A.D. line of Hg, the line 4040 A.Th .spreads up to about 40 cm ' ' from the 
centre of ihe line. I'he spectrograph can, however, ic.solvc clearly about i j cm ’ 
ill this region, and. as the distance between fwo succes.sive rotational lines of 
O,^ is 11*5 cm"\ this spectrograph can resolve these rotational lines excited 
by 4046 A. V and is almost as efficient as that used by Triimpy in his mve.sti- 
gation on the rotational Raman spectrum of < ).. Roth Ilford Special Uapid and 
(Jolden Iso-zenith idates were used and two gooil siiectrograms, one on each of 

the above plates were obtained. In each case a continuous exposure of 15 hours 

was given and liquid oxygen was added every half an hour. The room was 
darkened sufficiently to prevent any stray daylight from entering into the spec- 
trograph by scattering and reflection. The spectrum of Ilg-light was also pioto 

6 
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l^raphcd in such a way that its density of the lines was almost the same as that in 
the st>ectrogram due to the scattered light obtained on the same plate. 


R E S n L T AND D 1 S C TT S S I O N S 


The spectrogram of the scattered light as w ell as the microphotometric 
recordvS of the scattered and incident Hg-line 4046 A, V. obtained with a 
Moll’s self-registering microphotometer are produced in plate IV. It can 
be easily observed that no discrete rotational lines have appeared, but only a 
contiiinons wing has been obtained. The \^n'ng extends up to about j^o cm“^ 
from the Kayleigli line on tlie Stokes side and this agrees with the extent of the 
nnaiional Raman spectrum due to the gas recorded by Trunipy. Also the posi- 
tion of the maximum intensity in the wing is at a distance of about 50 cnr‘ from 
the centre of the Rayleigh line and agrees with that of the most intense rotational 
lines observed by Trumpy. Of course, in the miciophotometric record this 
maximum intensity is nc 4 lepresented by any pronounced peak owing to the 
presence of a coma close to the Rayleigh line but a narrow gap has been observed 
in the spectrogram lietween the edge of the coma and the intense portion of the 
wing. This gap is visible with an ordinaiy magnifying lens but the microphoto- 
inetrir record taken even with a fine thermopile slit shenvs only an inflection 
(indicated in fig. 2(a) i)late IV by the arrow). 

The above result leads to the conclusion that in the case of the simple dia- 
tomic molecule like in the liquid stale the rotational lines become much broader 
than those in the case of molecules in the gaseous slate, even at a pressure of about 
60 atmospheres. This is probaldy clue to the eflcct of interiiiolccular field in the 
liquid state. At higher pressures in the gascems state this intermolecular field 
begins to show' its influence on the AVjdth of the line. The widening at ho atmos- 
pheres is not very large and it can be correlated to the fact that the intermolecular 
field at the pressure in the gaseous state compared to that in the liquid state is 
small. The intermolecular field in the gaseous state may be identified w ith the 


van der Waals' force, and that in the liquid state may be indentified with 


the iulenial pressure 


6 li 

V 


.c., the force per sq. cm. with "which the 


molecules are drawn inwards. Tentatively w^e may compare the van der Waals' 


force, for gaseous oxygen at ho atmospheres and the internal presssurc 
of liquid oxygen at its boiling point. Unfortunately the data in the 


0 u 

a V l„ 


\ / j 

desired region of temperature and pressure are not available. However it may be 
useful to calculate and ^ desired region. 
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It can be shown that = (a/r„ - .vl.ere is the mean jnessurc 

coefficient between cj and loo C, and —pressure in alnu^spliere and — 273*2. 
The value ot for gaseous oxygen at too atniosi>luie is available. The value 
of o^, at 60 atmospheres will, hovvevei, be much smaller. l\siiig this laigei value 

for a,, = 00492, the van der Waals’ force, I’eomes aliout 20 atmospheres. 

T. he coriect \alue is ccitaiiily much less, because is much less at 
60 atmospheres. 

It can be showm from tlicrmodynamical considerations that the internal 

/ Q u ^ 

pressure — -TL.u,*-/., 

O V 

where K" modulus of bulk elasticity, 

and a,, =- coefficient of volume expansion. 

In the case of liquid the values of a. and eompressilffiity ^ ““x* j 2o*2''K 
arc available. Assuming these values of and to lie valid at the boiling jioint 
of the liquid oxygen, is about 6() atmospheres. This value of internal 

pressure is quite large as compared wu'th the value of for gaseous C)a at bn 

atmospheres. Although tin’s value of internal j)ressLtre is quite vSinall in coni- 
I^arison with that calculated in case of other substances in the litjuid state, it is 

many times larger than the value of » calculated at 60 atmospheres. Hence 

it seems that the observed broadening of the rotational lines in case of liquid slate 
may be correlated with the internal prcSvSure, 

The sxiace quantisation, however, is not lestricted in this case liy the foniia- 
tion of cybotactic groups in the liquid, because in that case the position of maxi- 
mum intensity w^onld coincide with the first rational line and would be at a dis- 
tance of 14*4 cni“^ from the centre of the Rayleigh line. As already mentioned, 
the observed distance of the po.sition of maximum intensity is at about 30 cm™* 
from the centre of the Rayleigh line. 

The vibrational Raman line of ():> at Av equal to 1350 has been n coided willi 
large density and no other faint vibrational Raman line has been (observed in the 
spectogram. This fact shows that percentage of any complex molecule such as 
if such molecules are present in the liquid, is very small. Hence this 
rotational wing is not affected by the presence, if any, of such molecules in the 
liquid. The scattering due to fluctuation of intermolecidar field is not very 
intense in this case, because, as can be seen from the comparison of the inicrO” 
photometric records of the scattered and the incident lines, the tox) portion of the 
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curve due to scattered line is not niiich broader than that due to incident line, 
but the curves show the presence of feeble Cabanries Daure effect. The principal 
effect of the interniolecular field is therefore to make each individual rotational 
line liroader. In the case of molecules witli lar^^er monient of inertia, the position 
of maximum intensity is much nearer to the centre of the Kaylei^h line, in 

case of benzene the position of maxiniuin is at jO cm""^ from the centre of the 
Rayleigh line. If the individual lines become much broader in the liquid state, the 
maximum becomes flattened. It is evident, therefore, that if the Cabannes Daure 
Tiffed is superimposed on the rotational wing in the case of the liquid state, the 
probability of observing a position of pronounced maximum intensity in the wing 
diminishes very much. 
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MAGNETIC SUSCEPTIBILITIES OF SOLUTIONS OF SODIUM 
AND POTASSIUM NITRATES 

By S. P. RANGANADHAM 

AND 

M. QURESHl 

' Received for I'uhliiatioii, March 26, u)io) 

ABSTRACT. Dia-maKiictii' sn.sccptibilitii'ti of solutions of siuliiiui and polnsKinm nitrate 
fiave been ileteriuiiu-cl over a wide ranso of roncentration li to 2o7n ), etnployiiif; a modified form 
of Qniuke’s method witli a pholoKiapliio recovdiiif; arranKenienl, The snsccptihilitv— enneen- 
tr.ition Biraph is. in each ease, a straight line enlling H e snseeplibilitv axis at a ])oiiil corres- 
ponding to the suseeptibilitv of pure water 1 -0.72 x 10 6), the niaximuiii departiue from 
linearitv being not more th.-in i % . 'I'he gram-ionic suseeptibilitv of NOs" i-alculated from these 
measurements, using the theoretically calculated values for Na'^ and K*, is different in each ease, 
being less for the potassium sail. In view of the fact that there is a lack of agreement between 
the values for Na*' and K+ arrived at by different' workers and the theoretical values Calculated 
by different methods, no definite conchisicm e.iii be drawn with regard to the specific influence 
of the positive ion U is, however, clear that the experimental values are, on the whole, much 
less than the theoretical value for NOj," which is an indication of ionic deformation. 


I N T R I ) n U C T T t ) N 

In a previous paper, ^ a study was made of the dia-iiiagnelic susceptibilities 
of nitric acid solutions at different concentrations. It was found that the .suscep- 
tibility-concentration curve departed apiucciably ft om a iiiiear relation and that 
deviations occuired at concentrations coirespouding to some known hydrates. 
The present communication deals with the investigation of the dia-magnetic 
su.sccpiibililies of sodium and potassium nitrate .solutions. The choice of the salts 
was dictated l)y two considerations. In the first instance, these sails have noc been 
thoroughly investigated for their magnetic susceptibilities iu solutions. Secondly, 
as we had already studied the susceptibility of nitric acid, the investigation of 
other nitrates was expected to yield some information with regard to the influence 
of katiou on the susceptibility of the NO 3 ion. 

EXPERTMENl'AL 


The experimental arrangement was essentially the same as that used in our 
work on nitric acid. Two narrow glass tubes of equal and uniform bore, each 
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coiiiiectecl by a gla^^s tubing lo a wider tube so as to form a sort of T-tube, were 
placed vertically and side by side between the iKirallei pole-pieces of an electro- 
magnet. ( )ne r>f the lJ~iubes contained the standard licjnid, benzene, selected 
for its non-sticking property and the other, the solution, whose susct ptibility 
was to be determined. ^I'lie value for benzene was found to be “- 0.704 x in 
comparison with that of water (- '). The displacement of the licjuid 

levels in the tubes was recorded photographically by throwing an oblique beam 
of light from a powerful incandescent lamp placed in iront of the U-tubes V'lien 
the tubes are illuminated horizontally, full images of the tulies with their contents, 
are fibtainable on the camera screen ; but when the light source is gradually 
displaced below the hoiizontal line, a position is ultimately reached when every- 
thing, except the two menisci, disappear completely fiom the field of view. 

This arrangement is of great advantage inasmuch as it enables tme to obtain 
simultaneous and almost in.stanlaneous iccords of changes in the levels of the 
two litpiids and thus to avoid all possible errors due to irrejiroducibility of the 
magnetic held and different heating effects, which are difficnll to avoid where only 
one liquid is under observation at a time. 

The tubes were thoroughly cleaned before each cxiierimeiit, the solutioi j-' 
showing no sign ot slicking, In the course of experiments, readings w ere also 
taken with the same liquid in both the tubes and coricctions applied for the vc;y 
sliglit differences in the dis])laccment of licjuids in the two tubes. 

The electromagnet used w^as a large-size Vy^’b Ulectroniagnet, capable of 
giving a field of about .’5,(.)oo gauss wdth a cuirenl of 10 amps, at no volts. 
The magnet was excited for a few^ secon Is only for each exposure. The salts w’erc 
Ivahlbaum's pure reagents, iiurified by further re-cry stall i.sation and carefuliy 
dried. They were found free from para-magnetic iiiqiiirities. 


R n S U I T S 

The relative displacements of the menisci of the two liquids, asjecordedon 
the photographic i)lalc, were measured w ith the help of the Hilger Micrometer. 
In doing this, care was taken to focus the cioss-wires at the centres of the niinisci 
in each case. The ratio of the displacements gave the latios of the susceptibilities 
after a correction had been applied for the para-niagnetic effect of the air-vapour 
mixture above the liquid column. The results are given in the tables below. 
The susceptibility value given for each concentration is the average of results 
obtained from three different records. 
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Magnetic Susceptibilities of Solutions of Sodium, etc. 

C O N C Iv II vS IONS 

, 'I'he chaiijies of siisoepfibility with coiicoii tin lion in thv onsc of liolli llic 
solutions can Iv representated ^>rapliically by a sliaiglil liiK^ (Im-s. i aiuK^i, Ihe 
niaxiniinn deviation bom linearity Ix-in.e uot more than j% in c-aeli c ase 'blie 
equations for the two grajdis are as ffdlows : — 

For sodium nitrate solution Z - o 7 : - o oc^ 11 x C, 

,, potassium nitrate solution Z — 0-7.^ ^ o-or»^ i > L\ 

where Z and C re|)resent the susceptibility and eojieenti ation, ies]>eeti\'ely. 
bh'om these Cfpiations, the gram-susceplibiiities of sodium and potassium nitrate 
come out to be -(ee.Sxnr'' and — x 10 respectively. These values, 
multi]>lied by the molecular weir^lils of the salts, yield the following \alues for the 
yram-molecular susce])til)ililies of the two salts in the dissolved state : 

Sodium nitrate -a3-S6xio~^' 

Pa t i \ ssi un 1 nil rat e ' 3 1 • 6 :» x j o" ' ' 

Hriiidley and Iloare ^ have recently determhicd, witli a great deal of i>recision, 
the gr.un-niolecular susceptibilities of alkyl halides in the solid stale, which arc 
fairly adilitive. ^Phe ionic susceidil^ilities derived fnan this set of values show 
a fairly good agreement with the vaiiieSj calculated theoretically by Aligns foi the 
free ions, except in the case of Na*, foi which the experimental value is 
0 i X in"!’’, whereas the theoretical value is — 3*7 x 10”*^ The exiierinieutal value 
for K ' { - 14*0 X 10“^’) is greater than the theoretical value ( — lyi x 10“^^). Taking 
these theoretical values as approximately true for Na^ and K"" in solution, the 
values for the gram-ionic susceptibility of N( calculated from the granomoJecu- 
Inr susceptibilities of the two salts axe shown in llie following table. I'he value 
ff)r the su.sce[)tibiHty of NO^ ' arrived at from oui previous measiuemcnts with 
IlN^O.i and the theoretical vxdues are also given. 


(liam-ionic susceptibility of N( );• (~x ^ 
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ll appears lliat Uic value for NO,;" is difiereul in 1 lie three conibinations, 
lieiiiK least iiJ the case of the potassium salt. But in view of the fact that there 
is 110 general agreement between the values for the ionic susceptibilities of sodium 
and potassium arrived at by different woikers and the theoretical values calculated 
by diflereiit methods, no defmite conclusion can be drawn from the above results 
with regard to the influence of the positive ion. It is, however, clear that the 
experimental values are, on the whole, less than the theoretical value for Nt^,^ 
which is an iiulicatiou of ionic deformatinn. 


R R V I<: R It N C It S 

' /.I'it I. J’liys. ( Iiciii. (11), 33, 31 ) 0 , K).i 6 . 

' J'Vttc. l\oy, .Sa; . l/.aiitti. fAl, 162 , 3^2, 103c; 

> ittacac/iMZ/oji/V In- Dr. Willielni KItinn , j) isi 
< Proc. Kay. CM, 114, iHr, 192(1 
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MU'rUAL INFLUENCE OF WATER AND HEAVY WATER* 

By I- RAMAKRISHNA KAO 

AND 

Y. PARAMASIVA RAO 

Andhra Lhilvovsity, Waltair. 


(Kci'cit’vrd li<t {'HhlicatiOii, ■If'iil iS, u^fo) 

I'lalc V 

ABSTRACT. 'I'hc Uiunaii baud.'' HjD and 1M> /nr Uk jniu' licjiiids mid lliiir inixlnif 
I'diitainitij; C'(|iial iiropoitioiis an.' (ksiTibc'd. 'I lir iliaiiLn.s in lln- fnM|uriirii s imd (lit- di.slriliulinii 
of inleiisily nf tliesc Imnda luc explained, parll.v, i>n the liari.s of tin* di pnlynierisalion ut lliese 
lif|uid.s in the nii.xtnre, and piirtl\ on the livimtlu xi.s ol the fonnalion of the HIM ) nioleeiile.s. 

I N T R O D [J C 1' 1 t» N 

The Raman speclrmn of heavy water vva.s lirsl studied by R. W. Wood, ' 
who reported a broad and diffuse band with a inaxiimnii of intensity at 2517 
cin.'L Later, Ananlhakrisiian fotind that tliis band consisted of three 
componeuls with Raman frctiueiicics of 2303, 2515 and 2662 cm.“’ . He reported 
additional bands, feeble in intensity, at jiio and 1250 cm."'. IJaiier and Magat 
observed three more low fretiuency Itands at 170, 3So and 500 cm. , besides the 
one at 1207. They could, however, find only two components at 2389 and 2509 
cm"' in the principal band, but could not confirm the mo band of Anantha- 
krishnan. Rank, Larson and liordner ^ working with vapom containing 34% 
proportion of water recorded a fairly shari) bne at efibu cm. ', uhiih they 
attributed to the pure D^t 1 niolecnle. One of us with Kolcswaiam studied the 
tempcratuie variation in the stiuctnre and intensity distiiliwlii n <if the band foi 
heavy water and explained the changes as due to splitting up of associated 

molecules with increase of temperature. The low frecpiency bands at 170. 350. 
500, iiio and 1250 cm.-', reported by other workers, were not noticed in these 

investigations. On account of the similarity in the Raman spectra and othcr 
properties of U-iU and H2O, the authors have undertaken the study of the Raman 
Irands in mixtures of the two liquids, as a preliminary to tlic more extensive 
investigation on the effect of dissolved electrolytes and non-electrolytes upon the 

Raman band of T).20. 


CoiniDUiiieated 1.} Hie hulinii I’hyMeiil Society. 



136 


1. R, Rao and V . P. Rao 


Mixtures uf water and heavy water v\eie studied only by R. W. Wood. ^ 
He woiked with two sanii>les ('ontaiUin^ i8 and 8o% of heavy uatei. The 
intensity inaxiniuni at j.517 in the So'/;, inixlLiie shifted to 2623 in the iS% 
sample. The i<S% niixlnre was estimated to have a composition of o-()3zi 
■30 I)( )H and o’bf) ll2< >■ the eoi responding |n'o])ortions for tlie S()% mixture bein^ 
()■(), I 0-32 ])()II and oo'i In the former, the number of DOII 

molecules is nine times tliat of DoO, while in the latter it is only halt. So he 
concluded that the band with its maximum of intensit> at 2()23 obtained with the 
iS% sample is mostly due to 1)()H molecules, while the band with its maximum 
at 2517 has its orirun in Dytl as it is obtained with the So% sample whicli has a 
larj^er jiioportion of molecules. W’ood never studied the Raman band for 

pure 1)2^1 and hence could not compare his ohsei vatioiis for the mixtuie v\ ith this- 
For exam[)!e, he had not observed the two components of the inincii-al hand of 
DjO reported by other workers. Thus his investigations were not erimplete. The 
autliors have studied the Raman spei trum of a 5* '-50 mixture of heavy and 
ordinary waters and conijiared tlie results tlins obtained witli tlie Raman spectra 
of 09^-1% and imre 


K X 1* p: r I Ai p: n t a i, 

Tlie aiiparatus used is similar to that already described by one of us ^ aiicl 
consists of a Wood’s lube made of (iLiartz, provided witli a melai cooling jacket 
and sujiiiorlcd on a suitable stand. A mercury arc 15 cm. in leiiglli was })laced 
close to the tulie. A steady current of water flowing through the metal jacket 
prevents the liquid in tile lube from getting heated by tlie radiation of the 
mercury lami>. The water llow' also serves as a sensitive temperature control for 
the contents of the tube- During the experiments llie temi^eiature did not \':iry by 
more than +1 L. Aftei juojier collimalion, tJie .scatteied radiation w as focussed 
oil to the slit (jf the S])Cctrograph. 

With water and heavy water an exj)osnie of loni Jioins was L-noiigh to get 
the corresponding Raman band with snfLcient intensity. Fc.r ihe Raman siieetrum 
of the mixture, Jiowever, the time of exposure was douLiied to compensate for the 
diminution of the numlier ot molecules of each coiiijumeiit to half. Themixtuic 
containing ccpial volumes of II 2O and D2t ), contains equal nnmbers of these 
molecules, as tlie ratios of molecular weight to density fur li^O and D^O arc 
almost identical. 

'riie three spectra were piiolographed 011 the same plate, together wdth a 
series t)f density marks given by varying slit widths. It was ensured that the 
Raman spectra wutli the pure liquids and the mixture were taken under identical 
conditions w ith respect to the position of Wood's tube relative to the arc, the 
leiiiperatuie of the liquid contained in it and the running voltage and current of 
tlic arc, so that the chatigeSj, that are observed in the intensity of the bands from 
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the pure stale to the inixliuc, are due to llic nuitual iiillueiKV of the Ikpiids and 
not due to any variations in tlie external eonditions eitlur of illuiiiination, or of 
temperature. The densities of the bands were determined from a mierophotometric 
curve and the intensities of the hands ealeulated in the usual manner. Tlie Raman 
fre(iuencey at any point on tlie mierophotometric emve is determined by 
extrapolating from a dispersion curve drawn willi the mercniy lines as the 
standards. 

U tf S T’ T., T s 

'I'he bands excited by .PJ47A of the mcicnry arc are studied. The 
mierophotometric cinves for the Do( ) and H .j( ) bands in the pure state and in the 
mixture are reproduced in Plate V The heavy water band shows two distinct 
maxima, aud one inflexion at a longer frc(]uencv . The maximum at the lower 
frequency is less intense. These are the three comi>onents of the principal band 
reported l.iy Ananthakrishnan ' 'I'he shajic of the band is very much altered 
in the mixture, the maximum with the smaller Raman frequency, so prominent in 
imre Djt.*, being completely absent, and replaced by an inflexion. Wood ' could 
not study this interesting change from the puie liquid to the mixture, as he did 
not work with pure Dakb 
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In pure water, there is nu inaxinium at shorter fretiueiicy . But the inflexion 
is distinct enoui^h to indicate that there is sujjerposilion of a second band over 
tlie central band of water 'Dieie is no trace of tliis component m the mixture. 
Hut, in both lieavy and ordinary wateis, tlie sliape of the band on tlie side farther 
away from the Kaylei^h line is not altered perceptibly. The mutual influence of 
HijO and 1)20, in this resi>ect, seems to resemble the effect of dissolved acetone 
upon the water band as observed by C. vS. Rao Me remarks therein that 
dissolved non-electrolytes do not sharpen the band on the lower frequency side. 

Figure i ^ives the intensity curves for the D^O band in pure heavy water and 
in the mixture. Besides the absence of the maximum of smaller frequency, there 
is a large increase in the intensity of the second maximum in the mixture. The 
band is sharpened and its extent diminished. Also, the position of the maximuir 
has shifted slightly towards siiialier frequency. 



Raman Pmjueiicv 

ImLiisilv I>istnbiili()U in the Raniaii Haml 

• >f IT^O in tijc pure stale ( ) 

ainl in tin* mixture \Nitli !)•/> ). 

Fig, 2 

« 

figure z gives the intensity curves of the Ha^ band in ptnc water and in 
the mixture. As in the case of Dyl), the baud is sharper in the mixture than £oi 
the pure state, and is le.ss in extent. The position of the maximum has shifted 
slightly towards longer frequency. The intensity of the maximum has slightly 
increased but it is not comparable to the increase in the intensity of the D^O band 
in the mixture. 
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Table i gives the iiuportaiit characleristics of the HsO band in tlie mixture 
and ill the pure liquid. 


Tablk 1 

Frequencies and Intensities of the II2O Band 
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The corresponding table for I)2t> is given below* 
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Frequencies and IntensUics of the Ra}}ian Baud of D^O 
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The intensity of the inaxinnnn of the DsO band has increased by 50% in 
the mixture, while that of the water band has remained practically the same. 
This is a highly interesting aspect of the problem the significance of which will 
be discussed in the next section. The position of the maximum in 1)20 is not 
shifted to longer frequency, but slightly in the opposite direction. To allow for 
any errors of location of the maxima, the authors have studied tw^o sets of 
photographs and have consistently found that the shift is not to a greater fre- 
quency but the other way and of the order of 15 cm."^ 

To sum up, in both cases the bands are sharpened and the components 
of smaller frequency suppressed. The difference in their behaviour, however, 
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lies in the increase oi intensity in the case of l)o( ) from tlie pure slate to the 
mixture. 


1) T S C IT S SION 

Tlie princii)al bands of 1)^0 and IloO have each three components. One of 
us, ^ working with water at various temperatures, found that, with increase of 
temperature, the comijonent of smaller frequency j^radually l>ecomes less intense, 
the central one remains almost the same, the third component showing a slight 
increase in intensity. Tlie three components were attriliutcd to HoQ^ (Il^Oja and 
'file trii>le molecules are less stable and arc depnlymerised with increas- 
ing tem])erature. C. S Rao, studying the inlliience of dissolved electrolytes and 
Tion-electrolytes iqion water, found that the proi)ortion of trihydrols was very 
much less in solutions than in pure water Incn^ase of temperature or presence? 
of any foriegn matter seems to split up these higher polymers. The pheno- 
menon, in so far as leinperatuie elTect is concetned, is found to be similar in heavy 
water. 

Wood Reports that he could not tind any structure for the water band. 
Mis inal.)ility to note the lower frequency components of D^t.) band, which is 
consj)icuous in our picture with luire l)-.t ), is probably due to the fact that lie 
worked witli mixtures only, and even a vsniall percentage of ILO siip])resses this 
coinponeiit. Ibit his failine to get the sti ucture of the w’ater hand is perplexing 
es])ecially in view of the fact that he must have W'orked at much lower tempera- 
tures than ours, where the lower frequency band of water ought to be more 
intense- This may probably he due to want of suificient lime of exposure in his 
case, and a microphotonietric study of the ))and by him w ould have revealed the 
other components. ITire water shows that it is not a single symmetrical band 
but is the result of the superposition of at least two bands. 

The general changes in the structure of the bands of both Hat ) and Dat) 
are capable of being explained on the basis of the changes in the equilibrium 
between their polymers, which both these coiiipoiuids are supjiosed to consist of. 
These changes are similar to those brought about by change of slate or of tem- 
perature. 'riic diminution of tlie intensity of tlie 11/) band on the kuver 
frequency side in the mixture indicates the depolymerisalion of the (H/_))j 
molecules, to wdiich this portion of the band is supposed to correspond. This 
change in the structure of the H/J band lends siqipoit to tlie view tliat the 
(H/ ))3 molecules are less stable thcln the other polymers as postulated by one 
of us.^ 

A similar explanation serves for the changes in ihe sli ucture of the ) 
baud. The maximum at .2400 cin.'^ corresponds to the trihydrols of heavy water, 
and these are less stable in the presence of the water in the mixture. So the 
component due to them is diminished in intensity. 
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If this were the only cliaiige, the large inciease in intensity of tliel)a(> 
Ixiiul in the mixture cannot l>e reccniciled witli the ahsence of any ci>iies])oiuling 
change in water unless it is assumed that (!)-< ^).i is less stable than :i 

l)OStiilate not warranted from results of tetnperature iniluciuv. I'or water alsct, 
there must be an increase on account of the breaking up of (ll.a )). into lower 
polymers, unless the eciuilibrium is stich as to keep the number of (H^t ))n mole- 
cules unchanged, the highei polymers dissociating directly to single molecules. 
But the intensity of the higher fre(juenc3^ cmn}H)nent in ^^atel does not show any 
ai:>preciable increase to support such a conclusion. 

Tile other possibility is the fonnation ofllDO. The fi ecjucncies of this 
cnm[)Ound as calculated liy Van Vleck and Cross are npu), and cm." *, 
the experimental value reported 1 >y Rank, 1 , arson and Bardenei for the vapour 
being eyiScni. \ 'I'he latter found no trace of any lines corresponding to 

cm " ’ and i,|oo cm.^’* for HDt) 'riioiigh it is surprising to note the absence 
of Oil oscillation in }Jl)t) wliile the correvS])onding O 1 ) oscillation is cons])!- 
cuons, tlic above results seem to 1 )e coidinned b}^ oiir work also. While there is 
a considerable increase in tlic intensity of the Ikt ) band from the pure state to 
the mixture, the corresponding Tf^O band increases only slight!}' in iiitetisity. 

As required by the law of mass action, the pioiiortion of MIX ) nioleeules 
formed in a 50 -50 inixttire of ITO and 1)^0 studied by ns shonUl lie .|S’6%, 
while HA) and Dot ) are each 25'/%, if the ecpiilibrinm constant is assumed to be 
S‘.’b as given l.»y I 'ley and Rittenberg.’' The abnormal increase in llie intensity 
of the D.O band ninst be due to the superposition of llie HDt ) band over it, 
while in the case of the Hot ) band the slight increase in intensity is due only 
to the splitting up of higher polymers of water into tlie lower wliicli thus 
increases the number of the double molecules giving rise to the inaxinunn at the 
centre of the H^r) band, there being no contribution to this inciease by the O — 11 
oscillation of the IID( ) molecules as no baud due to this oscillation was detected 
by Rank, lyarson and Bordner foi the vai)onr and is therefore probably absent 
for the liquid state as well. 

The Dot) band should show a decrease in intensity due to conversion of 
some molecules into HDO on combination with ITT). But the change in the 
equilibrium between its polyinei'S may increase the number of the DyO 
molecules giving rise to the maximum of the band for the mixtures upon 
which is sni^erposed llie band due to IIDt) molecules. 'Ihiis wliilc there 
are two factors, viz., increase in double molecules of D-/) and siineriKisition of 
the Hl)( ) kiand, which increase tile intensity of the band in the case of DA), 
after counterbalancing the diniiimtion in the number of Ihe DA-l molecules on 
account of the conversion into HD( ) molecnles, there is only one factor winch 
-ends to increase* the intensity of the water band, ric., the increased number of 
1X20)0 molecules due to depolymerisatioii of (Hot)),! molecules which are just 

s 
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more tlmii counterbalancing their diiniiiiition due to conversion into HDO 
molecules. 

There is vStil] tlie question of the Kaman frequency of HDO band. Wood ^ 
gives it a frequenc y of ^*623, shifted towards longer frequency by luo cin."'^ from 
the c'cntral inaximuiii of ])/). The calcukiled value of this band is 2720 and 
Ihe frequency ol)Served by Rank and co-workers is 2718. Wood observes that 
when the luoportion of HDO molecules to D-O is 9:1, the shift is to 2623 from 
25J5. In tile mixture slLidiecl by us the ratio is 2:1 and not only do we not 
record any shift lov\ards longei frequency, but there is a decisive shift in the 
opposite direction. It is likely that the IIDC) frequency m the liquid state is 
much closer to the cenlial comi)onent of HX), than found by R. W. Wood.^ 

We exi)ect that the further study contemplated by us will settle the doubts 
about tile Raman frecjueiicy of I 1 D( ) in the licpiid state and throw greater light 
on tile eciuilibriuin belwexn HX) and DX_). The absence of the ()-II oscillation 
in IIDO is a very iuleiesliiig observation. 


R Iv 1' 1<: R iv N C 1*: 8 
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ELECTROLYTIC DISSOCIATION IN SULPHURIC ACID 
AS STUDIED BY RAMAN EFFECT * 

By N. RAJESWARA RAO, M.Sc. 

Andhra University, Waltair 

iRi’ccii't’il for Af^ril k ?, n).jn) 

ABSTRACT. The Raman sfKTtnim i>f sulplmric acid and its salts at different cmicem 
tiatinns is studied, and tlie changes, witli dilution, in the intensih of the lines ohscrvcii in the 
spectra are made use of to studv the electrolytic dissm iation of tin acid. ,\n ohservation 
nride hv T. R. Rao ami C . S. Kao, that the alkali salts are eiinipUtely di.s.sm iated even in 
concentrated .solutions, is made u.se of to calculate (he ahsoluli degree o| dis.soci.itiou of (he 
acid On calculating the mnnher of di.ssoeiated and undi.s.sociated molecules in .solutioii.s of 
Ihe acid and KTlSth, it is ohserved that (i) the lale o( dissociation of the acid is le.ss in 
dilute solutions than in juoderately coneeiitrated .solutions, (.') in e(iiiiniolecular .solutions of 
sulphuric acid and acid .sulphalc the di.s,suciation of II, SO, niohculcs is larger in acid .sulphalt 
than in the acid. The ahove ic.snlt-s are exj.lained as due to (he fact (hat in the .solutions ol 
the acid there i.s a larger abundance uf II ions, than m the acid s.alt whii h therefore favoin 
the formation of more TfSO^ ions, in the acid. 


1 N T R () 1» U C T 1 0 N 

The Raman spectra of sulphuric acid has been studied by a large iiumhei 
of workers iueludiiig Risi,^ Woodward and Horner," Ramakrishna Rao,' 
Bell and Jeitpsoii,'* Angus and Reekie '■ and Koteswaram," The changes 
ohserved in the Raman spectrum of the arid on dilution are taken to he due to 
successive dissociation of the acid into HSO,' and S( ions, on lines .similar to the 
explanation given by Ramakrishna Rao' in the ease of nilrie acid. But, nobody 
made a quantitative estimation of the degree of dissociation of this acid, as the 
spectrum was superimsed by an intense continuum which masked the Kamaii 
lines to a large extent and made the determination of the intensities of the lines 
quite uncertain. The present work is undertaken with the purpose of making 
a quantitative study of the dissociation of the acid and its sails in aqueous 
solutions. 

Woodward and Horner ® observed that the continuous spectrum of (he acid 
increases on diluting it to a certain extent and on further dilution it diminishes 
in intensity. They explained that this increase is due to the foimalion of 

• Comninnicatcd I)v tlic Indian I’liv.'iical i^ocicly. 
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(^oii)]»Icx inoJerdlc'S which excite a continuous Raniaii spectrum. IMcdard ^ 
ohsei ved that tlie c'ontiii iioiis spednim could be dimiiiislied to a lar^^e extent by 
heatin;.' the acid witli a few crystals of K]\In(>, Kolcsvvarani *’ observed that 
this could be acdiieved I)y eni[)loyin^ any oxidisin.^ ai^enb KnCrMt)^ or nitric' 
ac'id, or by mere heating to about .a)o"C. The acid employed in the i)rescnt 
work wastjeated with about m c.c. of pure nitric acid for ai>otit :?t)0 c c'. of the 
pure acid and heated to al^out jno' C foi about lialf an hour. With this 
sample, the author lound absoltitelj’ no evidence for the increase in llie continuous 
si>ec'tiuni iu the intermediate dilutions, rejxnied l:)y ^\^.)^dvvald and Horner.^ 

li X I* !{ R 1 U N r A ly 

Sohilicms ol the acid a( various concentrations, and r)f KHvSt and 
(Nn,i)-St)| are prepared, usiii.e the same sample of C(^ndneli\n’ty water for all 
the sohilioiis, K list ), is purified by rei)eated crystallisal ion , and fNll, XSt), is 
|>rcparc'd l\v takiiye, llie i)ure sample of sulptiurie acid and |)assiiic NH;; into 
it Ihe .uas is made to jiass Ibroireli a lube packed with e«)ltoii in oidei to 
eliminate dust. ySolulions of KflSt),. (Nil ,).S( ), and HnSo, oj the same 
molal concentrations are taken. 

The airanr;emcnl for i)hotop:raphine the Raman spectia is essentially tlic 
same as that used by Ramakrishiia Rao,' uilli some modification. 11 cousists#of 
a brass jac'ket wdiicb is rectangular in sliapc' and has two cylindeis of leiir^lli 
^cm. and diameter just larger tliaii that of the Wood’s tube. 'Phe Wood’s 
lube is passc'd throuyb the cylinders and made w'atcr-tiglit by i ubber w ashers. 
I'he box is open at tbc lop, and the cooling water entering it liy a narrow tiilie 
at the bottom passes over the Wood’s lube and fiow'S out by a wide outlet 
tube soldered at a corner throughout the height of the jac:ket. The mercury 
arc is placed right above the Wood’s tube and in the si)aci' between the nic and 
the tube, there is sufficient layer of water to cool the Wood's tube fiom the 
heal ladiateci l)y the arc. The scattered light, after i)assing through a metallic 
tube which is blackened inside to avoid reflections on the walls of the tube, 
is focussed by means of an acliromatic lens on to the slit of a spectrograph 
which has a liigh dispersion and good light-gatheiing power. 

bor the determination oi relative intensilie>s of the Raman lines, the spectra 
are taken with the different C(»ii<'eiiliations of the acid under identical conditions, 
in respect of the distance between the uiercuiy arc and Wood's lube, the 
temperature of the liquid, the nimiiflig voltage and current and the disposition 
of the arrangement for focussing the scattered light with respect to the slit 
of the spectrograph. The time of exposure for each of the solutions was 
exactly 5 hours. Thus, the changes in the intensity of the Raman lines 
from one concentration to another are due only to changes in the concen- 
tration (^f the acid and to changes in the nature of tlie molecular species arising 
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out ot dilution, but not due to JUiy cxtcnval ftiolovs. I'he iiUeiisitlet^ of llu‘ 
lines are detcvniined in the usual inannei by Uddii^ a number of density 
inaiks with a Aciss step-filter, on the same plate on winch the Raman spcctia arc 
taken. 

The iiroccvss is repeated for tlu‘ series of spectra o1)tained w itli solutions of 
KllisO^, (Nl-Lib S(\t Jnid IT SOi all haviipe Kiam-niolecnles per riiooe.e. of 
sohition. As the solution of KHSOj ^-ives a large eontimumi, a solution of 
NaN( >2 is used as a filter to cut off radiations l)eyoiid ,135s towards ultraviolet. 
For this purpose the Wood ‘s tul)e with a jacket containing the fillei is used. 
Kverylime the solution is changed the filter is also rel)laced afresh as it may 
undergo photochemical decomposition during tlie exposure, which is of S hours’ 
duration for these three solutions. 

R A AI A N Tv T N 1* S I N S IM. P IT T K U' ACID AND 
r 11 H 1 l< < > K T C, ^ N 

A cliaiacteristic feature of this acid is that all its Raman lines are broad, 
diffuse and bright. lienee, it is very difficult to loeale the maxima of the l)ands 
exactly hy iiiicromctric measurenieiit. That is the r.^ason wdiy the values of the 
frer[uecies given hy vaiions authors are found to differ. In stich eases a micro- 
pliolometric curve will he very useful in locating the positions of the maxima and 
the limits of tlie bands. 

The assignment of the lines in the spectiim of snlplniric iicid was made fui 
the basis of the changes that they undergo on dilution Kamakrishna Rao’’ 
f(»nnd lliat tlie i043-line increases in intensity on dilution and hence attributed it 
to Ilv^t 1/ fcained on dilution as it is also found witli consideraljle inlensily m 
solnlioiJS of KIIvSO^. 'i'he cjSo-line which appears in liigher dilutions and also in 
solutions of sulphates is atlrihutcd to S()/^ The lines 1171 and 1305, which could 
not be atlribnled to any ladical containing SO," ion, but whicli weie found to lie 
analogous to similar lines w-ith St)- solution weie attributed to molecules of the 
type SOoioH)-. The oto line which decreases in intensity on dilution is due to 
nndissociated IljvSt),, molecules. The bands 4 lU and 562 arc of composite nalnre 
having a number of maxima and their vuiation in intensity wdlli dilutions 
is irreguhar. So it is concluded that they are excited Iw ah' the three types of radi- 
cals, rT., H- vS( ),, list )/ and bi )/. 

r 11 ^ T N T Til N T T T F vS ( » '/ T TT F R A M A N F T N 1C vS 

There are only three lines in the spcctrinii of sulphuric acid with Raman 
frequencies gio, pSo, and T04 3, for w'hich the detennination of the intensity is 
possible. These are as pointed out in the ])revious section excited by H2SO4, 
vSO,/' and HvSO/ re.spectively. The other lines are either too feeble, or are 
superposed T5y lines excited by the dificreiit types of molecules, vSo it is 
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considered that no useful purpose is served by detcniiiniiig their iuteh* 
sities. 

Now, since tlie width of the lines gioand 10^3 is varying with dilution of 
the acid, the inlcnsily of the maximnin does not represent the intensity of the 
line. Curves are therefore drawn taking the intensity of the Ixnnd at each point 
as ordinate and wave-number at the point as abscissa. The area of the curve is 
taken as a true measure of the intensity of the band. 

Though Raman and Veiikaleswaraii announced recentiy that they have 
reason to believe that the Raman scattering is, Lo some extent at least, coherent, 
and that they are conducting some experiments which are expected to throw 
more light on the subject, it is generally accepted tliat tlie Raman scattering is 
incoliercnt. The intensity of the light scattered by a medium is therefore propoi'- 
tional to the number of molecules coiUained in it. Then the intensities of the 
lines excited by 11^804, I lSO^' and vS( )./' in solutions of various concentrations 
will be respectively proportional to the number of these molecules in the ditlerenl 
concentrations. In the case of solutions of nitric acid, Ramaknshna Kao ^ 
suggested that if is the number of NO/ ions at concentration * c ’ and 

‘iio’ that at inlinite dilution c,. tlien the degree of dissociation is 
given by 



r : c 


and since n is propt)rlional lo the intensity I, 

(- i ^ ' O 

Bill, with dilute solutious, very loiiR exposures are l equired to obtain lines of 
measurable intensity. Therefore, by this method, it is possible to calculate only 
the degree of dissociation relative to one of the concentrations. 

In a later publication, Kamakrishiia Rao and C. vS. Rao,”' after studying a 
large number of strong electrolytes in acpicous solutions, arrived at the following 

results ; 

I, The salts of alkali elements dissociate completely at all concen- 
trations. 

2 The acid salts of the alkali elements dissociate completely as far 

as the alkali radical is concerned and the acid radical dissociates pro- 

giessively . 

3. Halogen acids, -viz., HCI, IlBr, HI, dissociate completely at all concen- 
trations. 

4. Oxy-acids dissociate progressively on dilution. 

The first two results can be made use of lo calculate the absolute degree of 
dissociation of sulphuric acid. Instead of taking an infinitely dilute solution to 
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calculate , the solution of a salt having the same acid radical can he taken 

Co 

and the intensity of the line excited by the acid radical delei mined. If c' is the 


concentration of this solution, then 




1 / 

c 


siiK'e ill l>olh 11 k" casus, there is 


complete dissociation. 

In fact, the intensity of radiation excited by each ion can be calculated, by 
detenniiiing the intensity of the line excited by the ion and dividing this liy the 
total number of ions. This is specially nsefni, in calculating the degree of 
dissociation in a solution of a polybasic acid, for example, sulphuric acid taken up 
in the present work. By measuring the intensity of tlie >S()t" line in the spectrum 
of tlie solution c^f (NII.i,';, SOi, the intensity of radiation excited by iN vSO/' ions, 
^\here ]N represents the Avagadro iiumlier, is tk leniiiiied. Tiien, the inUiisilies 
of the lines due to IISO/ and SO./' in the solution of KIISO,, are nicasuied, and, 
hy dividing tlic intensity of the S( ),/' line in this spectrum liy the intensity of 
radiatitiTi excited by iN SOj'' ions calcukited above, the number of SO,i Kins in 
the KHvSO., solution is calculated. By subtracting tliis number from tlie total 
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iuiiiil)ji ()l kliso, iu(tlci.-iiics, tliL' iimiiltcT of Iiso/ ions pi'f-’Suiit is (Ictcnnhied. 
Knowing llio intensity of tlie line oxoitec] hy IKSO,/ ions in lliis solution 

uiul llie ininil.HT of lUKlissodiilcd IlSt )/ ions as calculated ahovc, llic intensity 

ol radiation excited hy iN HSO/ ions is calculated Now, knowing the 
intensities of the radiations excited hy each of HSO,' and SO," ions and 
knowing the intensities of the lines in solutions of sulphuric acid excited by these 
ions, the lunnher ol HSi )/ and SO," nioleciiles in these solutions are deterniiued. 
Dividing these iiiiiiiliers hy tiie total iiiiinhei ol molecules, the degrees of dissocia- 
non arc calcnlulcd. 

INTKNSITllvS AND Dl'MiUJ^I.; O !■ D T vS S O C J A T T ( ) N Ol' HgSl 
1\T n L Iv C D 1, I V S 1 N To I IS( )/ A N 1 ) Sf )/' IONS 

111 the above table, the first cf)]iiiiin ij^ives the eoiieentratioii in grani-inolc- 
t tiles of the ac'icl iii kkjo c.e. oftlic solution. In the v'^eennd etilninii the intensities 
nf the lines of Ranian frequency ()jo, corresponding tc^ each eoiiceiitration, aie 
^Aiven. 11 there were no dissociation of the acid, ihe intensity of 

this line must be proportional to the coiicentraliun, as the times of exposure 

are equal, ilius, if with dilferent emieeiilrations the timers (.>f exposure were 
inversely proportional to the eonceiilration, the intensities oii-ht to be e(]ual. 
'J'o arrive at an idea as to how far there is dissociation of the acid, intensity of* 
this line, as it ouKht to lie if tlie times of exposures were inversely proportional 
to conceiitratiuii, are calculated and ^iveii in column 3. I'roiii the values of 
llie intensity in eolumn 3, the number of undissociated IT2VSO4 in gram-moles 
per 1000 c.'\ of the solutifui, is calculated by llie method indicated in the previous 
jiaragraph, and given in the first sub-column of column h'ur concentrations 
less than 10^75 gm.-iiioleeules, tlie intensity of this line is too feeble to permit 
of quantitative determination. In the next sub-cx^himn is given the number 
of lIjS()4 molecules obtained by sulitracting the number of IlSt and S( 
ions from the total number of molecules. The closeness with which the vaiiies 
in these two columns agree indicate the validity of these calculations, and the 
validity of tlie^ conclusions drawn by I. K. Rao and C- S-Rao'^ regarding 
the dissociation in the salt solutions. The next three colunins give the corres- 
ponding values for HSO,/ ions, and the next thiee for vSO.,'' ions. The iith 
colniiin gives the i)rot)ortion of the dissociated IlovSO^, molecules to the undisso- 
cialcd which is the ratio of the sum of IlSO,/ and S( >./' ions to the total numhei 
of molecules- * 


D I S C 1 ■ S S I ( > N O K R.vS V T, T S 

The following main points are to be clearly noticed in calculating tlu 
numbers of the HSO./ and SO./' radicals in solutions of the add, 

KHSOj and (NHJ., vSO^. 
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1. As the concentration of the solution is decreased, the number of 

molecules becomes smaller and the number of IlSO, molecules increases Tl.is 
merely indicates that the H^SO, molecules are dissociated into H.i)' i„ns in 
dilute solutions. ‘ 

2. The rate of fall of H2SO4 molecules or the rate of increase of the I1S( ) ' 
ions is large in moderately concentrated solutions, but in dilute solutions the 
rate is less as is evidenced by the Figs. J and II, where the curves are steep at 
moderate concentrations and as the dilution is increasiug they get flattened. 



17 16 15 14 13 12 II 10 cj 8 7 6 s 4 3 2 

Dilution in gin.-inols per 1000 e.c. 


Figure i 

i^he decrease in the rate of formation of HvSOi' ions in dilute .solutions 
might be explained as due to their further dissociation into SO4" ions. But the 
deciease in the rate of fall of the number of H2S(.)4 molecules indicates that the 
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rate of dissociation is less in these solutions. This is further supported by the 
fact (hat the nnnibcr of ions is very small even in dilute solutions, which 
means that the dissociation of HSO.,' into ions is very small. 

This can be easily seen from the consideration that the equations’ 

ILjSO, HS(V + H' ... (i) 

and HvSO'^ — > + ... (2) 

• 

are reversible* As the dilution is increased, the niniibcTofH^ ions increases 
and hence the reverse action is more favoured. That is ^vhy, even at the coucen- 
centration of 3 grain-inoles per 1000 c.c., there is a considerable number of 
H9SO4 molecules. 

3. But in the case of the solution of KHSO^, the dissociation of HSO4' 
into and SO,/' is larger than in an equivalent soUition of the acid. This 
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is because the number of ions is less in this solution than in that of the 
acid, where tr ions are produced by both the reactions, whereas in the solution 
of the acid salt the I'eaction represented by (i) is absent. 

4. The number of SO/' ions in the solution ( f (NH^)oS04, which assumed 
to dissociate completely is much larger than in the equimolecnlar solution of 
II0SO4 or KHvSO^, as is expected, in view of the al)ove considerations. 

5. The above results state that the molecviles hi solutions of the acid or 
of the acid salt are not completely dissociated even in solutions of the order 
worked with in the present investigation, 'rhis means that the postulate of 
Debye and Iliickel that in dilute solutions all strong elect! olytes completely 
dissociate is not applicable to these dilutions. They do not contemidate any 
sub..classes in strong electrolytes, acids, salts, alkalis or acid salts. In very 
dilute solutions wliere there is complete dissociation, such classification is not 
necessary, but, for concentrations dealt with here, such classification is necessary 
as pointed out by 1 . K. Rao and C. S- Rao. 

The author finds great pleasure in thanking Dr. I. Ramakrishna Rao tinder 
whose direction the present work is undertaken. 
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STUDIES ON SOME INDIAN VEGETABLE OILS. PART V. 
TEMPERATURE EFFECT ON GAS ABSORPTION AND 
OTHER PHYSICAL PROPERTIES 

By CHANDRASEKHAR GHOSH 

{Rcc'i'ocJ foi lyublication, Apiil 

ABSTRACT. Tlic nbsoiptinn <:f ;iir, liydnigi'ii, nitrogt-ii ;.nil cai bon dioxide liv i aslor oil 
at different' tomperatnres \\ itt\in tlic range ao'C -yoT lia.s lieeii nieasnred by the manonietrie 
nietbod and the Hniihen aUsarption foedieieiit.s detmniiied It has been oliscrved tliat for all 
llie ga.scs there is a eerlain teinpeiolnre a( wliieli the Rnnsen eoeltieient atlaiiih a iiiaxiinunj 
value, and a iiieehnni.sni of a.ssoeiation between the gas and liquid nioleciile.s is .suggested to 
explain the phenomena. 

The values of vi.seositv at ditlerent temperaturi'.s within the .same range have been 
measured in ab.solute units b\ the capillai v method suggested liv (lemant. Tlu’ valms obtained 
ba\e been found not to .satisfy tin logarithmu relation of .Andrade, and the logarithms of 
viseo.sity have been lilted into an iiiiiatioii of the foini logt)-logA - f 5(t and the 

differenee between observed and ealeulated values determined. 

The variation of refi active index with tem])eratuie witliin the rangt- o‘'C— 7 o”C has been 
determined and the' variation is found to be a linear one. 


I N T R t) J) U C T 1 (> N 

'I'hg ])resenl investigation deals with the variation w ith tem])gr!tlinc of the 
cocflicients of absorption of air, II:., and COj by castor oil and of other 
physical properties, such as viscosity, density, refractive index, dielectric constant, 
etc., within the working range of temperature, vi,:., .2o"C— (jo'’C. 

In the International Critical Tables ’ one finds considerable amount of 
literature on the absorption of gases by inorganic and organic liquids. The only 
data on the absorption of ga.scs by mineral oils are those of A. O'emant ^ and 
I'. M. Clark,'' hut very little work has been done on the gas absorption and other 
phy.sical properties of vegetable oils at different temperatures. The only work 
on the same line on vegetable oils is that of G. N. Bhatladiaryya,' who 
measured the absorption of air by some Indian vegetable oils at room tempera- 
tures only. Gemant in his measurement of gas absorption by mineral oils found 
that the absorbed amount of air per unit voliiiue of mineral oil remained practi- 
cally constant at 20°C and 8 o°C. He, however, gives no account of the absorp- 
tion at iutennediatc tempcfatures. Clark, on the other hand, has shown that 
there is a definite increase in the absorption coefficient (of about io%), within 
the above range of temperature ; but in his graph representing the variation of 
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absorption with temperature, one notices tluit there is a tendency towards a 
decrease in tlie absorptioji for hij^lier temperatures. 

In connection with dryin>:» and insulating oils the investigations o]i their 
cocfilcient of gas absorption have an im])ortaiit bearing. F. M. Clark ’’ has shown 
that the dielectric slreiigtli of oils is dependent on the nature and amounts of 
dissolved gases. He also suggests that most theories of breakdown of solid 
diclcetric imi)regnated with oil arc not satisfactory l^ecause of the neglect of this 
gas-al.)Sorption factor. Quite recently Race/' while discussing the tests on oil- 
imiaegnated paper, draws attention to the different causes of electric breakdown 
of impregnated pa])er insulation as pieccded by gaseous ionisation. He vStales 
that in a nominally gas-free liquid-filled system the dielectric strength should 
increase with the degree of degasificatioii. Copelmanii and Gyemant ’ supposes 
an electrode layer of high stress due lo space cliarge acting on a layer of adsorbed 
gas, thus creating gas pockets or filaments leading to gaseous ionisation and 
breakdown and one would ex|>cct that in the case ol liquids with a tendency of 
high absorbing power for gases the dielectric strength will suffer. 

HilF has considered tlie phenomena of heterogeneous equilibrium between 
gas and liquid according to llie Distrilmtiou hrav and the Phase Rule, and has 
discussed Henry's Law and its modifications due to aessociation and dissociation. 
Hut the effect of temiieiature on the absorjitiou of gases has not been discussed. 

The use of vegetable oils as solvents of [laints and as lubricants are 
generally known, but sufficient data as regards their other physical properties arc 
not available, though a fair amount of data is available in the case of mineral oils. 

-Hence, in order to investigate the applicability of vegetable oils for the 
purposes in which mineral oils are used, it is of interest to have a thorough study 
of all the above-mentioned properties. In almost all these ajjplicatioiis the oils 
have to work wdthin a certain range of temperature, and hence a study of the 
effect of variation of temperature within this range on these properties is of 
importance. It is, also, worlliwliile to have an idea of the mechanism of absorp- 
tion of ga.ses and tlie variation of the coefficients of absorption in oils within the 
same range of temi)eratme. 

An account of tlie investigations so far carried out on vegetable oils has 
already been given by (L N. Hluittachary>V of this laboratory. The same 
author ])iiblished the results of tlie variation of viscosity of .several vegetable 
oils with temperature and his results are in Redwood units and Fahrenheit 
degrees. It is thought worthwhile to measure the vi.scosity in absolute units 
to enable one to have an idea of the mechanism of viscous forces acting in the 
case of vegetable oils. 

T H IC M IC C TI A N I vS M O V ABSORPTION O F 
c; A vS n S BY L T (J U I J) S 

111 order to form a mental picture of the mechani.sni of gas absorption in 
liquids, one can imagine the molecules of gas, enclosed in a chamber containing 
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a liquid to enter into the liquid surface dtiring their random motions by virtue of 
their kinetic energy. Having entered the liquid, those molecules move from one 
position to another, and in their motion any of tlie following incidents may take 
place : they may come in close proximity of a liquid molecule, as a result of whicli 
the two may form a combination, executing motions as a whole ; or they may come 
into collision with each other or with combinations of the first kind and thereby 
knock oil the gas molecules w ith sullficient energy to drive them out of the licjuid 
altogether ; or, thirdly, they uiixy in their motion come out of the liquid without 
encountering any other molecule. 

One can, therefore, assume that on an average a mimlier of gas molecules are 
in association, so to say, wi^h the liquid molecules, udiich arc supposed to be in a 
state of oscillation about a slowly displaced iiosition of equilibrium ; the total 
number of vsuch molecules depending on the pruvssure of the gas, the nature of the 
liquid and gas molecules and the prevailing temperature. So that at any instant 
there are a number of liquid and gas molecules associating together to form a 
juxtaposed type of molecule. 

( )ne can imagine that a iiuniber of the free gas molecules is entering into 
the liquid at any instant, while a number is coming out of the liquid. At a 
certain stage, for a particular temperature, becomes equal to and an equili- 
brium is reached, and the nnmber of molecules confined within the liquid in the 
above associated state measures tlie coefficient of absorption. 

The association or mutual cohesion between the two molecules can lake place 
clue to anyone of the several tyi)es of forces, such as, van der Waal attractive 
forces (otherwise known as dynamic polarisation), electrostatic forccis due to per- 
manent dipoles, ionic forces, polarisation forces. ( )f these, the energy due to van 
der Waal forces have been found to vary inversely as the sixth [)f)wer of the dis- 
tance between the molecules, wdiereas the forces between dipoles vary inversely 
as the cube of the distance. It may be either or both of the first two types, but 
since the second type, -zn’e., the force between dipoles is stronger and the tyi)e of 
liquids under consideration are known to have a chain-like structure, it is reason- 
aide to suppose that the latter type of force preponderates in the phenomenon of 
gas absorption. 

One can thus picture such an associated molecule having a certain mutual 
potential energy K, executing oscillations about a slowly displaced position of 
equilibrium. The thermal agitation due to variation of temperature as also the 
change in intennolecular forces in the gas due to variation of pressure will, there- 
fore, interfere with this phenomenon of association. The magnitude of the 
absorption is thus dependent on the value of this mutual potential energy K, 
while the variation of the coefficient of absur[>tion wiih temperature will be 
governed by the fraction of the total number of molecules posses>sing this energy 
K. At a definite pressure the probability of association of the gas and the liquid 
molecules will be maximum at a certain temperature. For lower or higher tern- 
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psralures there would be fewer molecules in the associated slate. There is 
thus an equilibrium condition at a definite temperature between the molecules of 
the sas and the liquid-gas associated groups similar to that which occurs between 
different phases of a sulistance which can pass from one phase to the 
other. 

In deriving the expression for Wien’s law for black -body radiation Lorentz’*^ 
h-is [lointed out that the cquililniuin between rays of different frequencies as affec- 
ted by temperature is analogous to the equilibrium condition which obtains bet- 
ween different phases of a substance which can pass from one phase to the 
other. 

In the case of Wien’s law the energy of radiation is a bmetion of frequency 
and temperature and an exi)oncnlial relationship between these factors are opera- 
tive. ICxtending the analogy to the present ca.se, one would expect that the 
energy of association is governed by an exponential relation between temperature 
and pressure and the corresponding oscillatory energies of gas and liquid moie- 
cules. 

Thus for a pressure P and temperature T the energy 

I'^CiT-" c TP . 

The values of the constants Ci, Co. a, would depend on the oscillation fre- 
quencies of gas and liquid molecules, the nature of permanent dipole moments and 
induced moments of the molecules and the Boltzmann constant. The.se factors are 
difficult to reckon due to the uncertainty of our knowledge of the actual magni- 
tudes of the forces and the actual expression for the interactive forces in 
operation . 

VTSCO.SITY AN!) TTS VARTATTON WITH T R M P R R A T U R E 

The mechanism of the viscosity of liquids has been the object of investigation 
since Newton who conceived the existence of a shearing stress at any point of a 
liquid moving in parallel layers. Since Newdon, the same question has been dis- 
cussed by various investigators from different physical aspects, which has been 
described by ('.. N. Bhattacharya-’ in his paper on the Viscosity of Vegetable 
(lils. 

Andrade ' ^ has treated the theory of viscosity from the point of view of the 
communication of momentum from layer to layer taking place at the extreme 
libration of molecules in each layer oscillating about a very slowly displaced 
position of equilibrium. He considered the variation of viscosity with tempera- 
ture as due to the effect of change of temperature on this interchange of momen- 
tum. He considered the change of potential energy of the system, due to change 
in temperature, in the light of Boltzmann’s distribution law, and arrived at the 
relation 
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where A and C are constants. 


Ac 


C;T 


He next considered the effect of leinpcTaturc on the volinnc of tlie ]i(iuid, :u.d 
on the distance between the molecules, since the distance between llie molecules 

incrca>ses as and the number of molecules i)er unit area diminishes ns v 

where v is the specific volume of the Ihiuid, the decrease in viscosity due to this 

effect alone is asi> . He further assumes that the potential energy involved 

in the condition of communication will be a function of the volunio, 1{v), so 
that, takinj.* all these effects into consideration, the relation changes to 


rjM/T -^ 1/3 
/, —Ac . V 


Since the average potential energy of a moiecnle is to a first ai)])roxiiiiation given 
by alv in van der Waal’s e(iuation, it is supi)osed that the part of the i)otential 
energy considered in the case of viscosity varies in a similar way, and hence the 
relation can be taken as 




.1' 




\ * cjvT 

tjT^v' — Ac 


or 


log, tfr —log, A 4 -n logfi^. 

V J 


Whereas Andrade starts on the basis of a static equilibrium between the 
forces exerted by the various molecules on each other, van der Waals (Jr.) has 
treated the theory of viscosity in the same light of transportation of momentum 
due to collision, but has based his theory on the consideration of heat motion from 


the start. 

He obtained the relation 

2 V 27r .> ,4 

f]= n^d^ma. 

15 


h/'i 


wheie d is the diameter of a molecule ; a\/ ^12 is the quadratic mean velocity of the 
molecule ; b is the quantity occurring in the equation of state which is connected 
with the total volume of the molecules contained in volume r ; and Tv is the 
difference between the mean potential energy of the molecules in the liquid, and 
the potential energy at the moment of collision (calculated per mole). 

This relation can be transformed into the form in which Andrade expressed 
the relation for viscosity by considering every molecule in a liquid as being 
surrounded by a set of ** first neighbours/’ and thus is practically enclosed in a 
sort of cavity of irregular form, not much greater than the molecule itself, 

w 
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From the above relation it will be seen that the change of viscosity with 
temperature is influenced mostly by the factor (t b/v), and by a wliich is v/T, 
n the number of molecules [)er unit volume and the exponential factor. 

Frenhel worked out an expression on the basis of approximate equality 
of the specific heal of the same substance in the liquid state at low temperature 
and ill the solid state. Batschinski/ ‘ Wacleod/^' and Lcderer^^ found similar 
cxi)ressions all on the assumption that »/ is primarily a function of the specific 
volume. 

All the diflerciit theories have been fully discussed by the Comniittee for 
the study of visc’osily of the Academy of Sciences at Amsterdam/^ and it would 
seem that the relation betiveen viscosity and specific volume of a liquid is of 
priiUary imptalance and that the i)articular dependence of the vi.scosity upon 
tempij^rature should [or a large part fie explained as a secondary effect, to be 
derived from tlic relation between S])ecific volume and tem])erature. Though 
the exjicrimental lesults are in agreement in a number of cases witli tlie different 
expressions slaletl above it is found that in considerable number of liquids, 
specially the oils, the theoretical expressions are not in conformilj" with the 
experimental results. 

In this connection it might be (»f interest to note that in the Ihial exincssion 

deduced by Andrade, 7u’c., the effect of temperature on the potential 

energy has not been taken into account. An attempt has been made therefore to 
consider the effect of lemperalure on the van der Waal's constant a/r. One can 
cxpless the. relation as 

log ?/== In;', A— (X/ /3/^ - yl^ + — 

This has lieen done by lilting the logarithmic curve by the method of least 
squares. 


KX PKRIMKNT AIj 

For the nicasnrenieiit of co-efficient of absorption of gases, the same luano- 
inetric method as described liy O. N. Bhattaeharyya'^ was utilised. To obtain 
incaSLiremcnls at different temperatures, llie flask containing the oil was kept 
completely enclosed in a thermostatic arrangement. A liox, the inner wall of 
wdiich was provided with resistance wires for lieating purposes, was suitably 
lagged for maintenance of uniform temperature inside it, and by means of variable 
resistances used in series with the heating coils the temperature inside the box 
could be regulated very nicely. Hydrogen was obtained by electrolysis from 
water, and was dried by ]>assing through a series of calcium chloride towers 
before being passed iulo the flask. Nitrogen gas was obtained by the action of 
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ti soJiilioLi of tinimoTiici tiiid tUniiiODiniii carbuiintc on cop])cr l)v llic 

iiielhocl described by C. V. Ibunt.’** The i^as, before I'ollccliou, was passed 
lhron,[>h wash towers containing- solutions of siilpluiric acid, pyrogallic acid and 
caustic potash for the removal of impurities, such as ammonia, oxygen and 
carbon dioxide. Before being passed into llie flask it was again ] massed through a 
second set of wash bottles containing the same solutions and then through 
calcium chloride towers. Carbon dioxide gas was imrchased in cylinder and was 
stored in aspirator jars f«n' controlling the pressure of the gas jmssed into the flask. 
Tfie gas was passed thr(mgh towers containing pumice stone soaked with sulphu- 
ric acid for the removal of moisture. The Bunsen absorption coefficient was deter- 
mined in the same way as done by Bhattacharyya. The results obtained are 
given iu Tables II- V. 



l^b(;i;KK I 

The apparatus used for the clelerinination of viscosity in absolute units was 
as shown iu Fig. i and was designed in the laljoratory after (iemant.^ 
As shown in the figure, the apparatus consists of a big flask F v\]iich acts as a 
reservoir of air at a pressure indicated by tlie mcrcuiy mammuter ?/?, and bccaiise 
of its large capacity the piessure of air remains almost constant dming tlie time 
taken by the liquid to flow through the capillary tube. 'J'he liask is connected to 
the measuriiTg ajiparatus through the llnee-way .stop-cocks Ti and I'a. The 
measuring apparatus is a T^-tube wilb two bulbs B^ and By near the lop of the 
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two Jimljs, the bulb bein.£» slij^lilly than B,. A portion C in the limb 

containing B, is a capillary tube of length about ro cins. The two limits of the 
('“tube are joined to the three-way stop-cocks T, and To by means of rubber 
tubing at JJ. d'wo marks at the to]> and bottom of the bulb B, indicatCvS the 
volume of licjuid whicli flows out of B,, through the capillary tube C into Ba 
Between T^ and Ty is connected an oil manometer (), which indicates any small 
dillereiu'e in level in the two limbs of tlie U-lubes. Tlie tempeiature of 
nieasuieiiienl could be maintained constant by iminersioii of the U-tube in a water 
bath healed electrically. 

The length and diameter of the capillary portion C was measured by taking 
several measuieincnts of the weights of nieicury reciuired to fill in different 
lengths of the eai)illai y and the total weiglil required to fill up the whole length. 
The volume of the bulb B^ between the marks was also determined in a similar 
W'ay . 

'I'lie method of procedure consists in thoroughly cleaning and drying the 
I' tiibeand then filling it li]> with a quantity of the oil su(Ticient to fill up the 
I)ull) IT. Next keeping T, in the position where the limb B, is oj)eii to the 
atmosphere, the limb B^ is ccmiiectcd to the reservoir K, in which the air has 
previously been compressed to a i>rc.ssure of about 20 cnis. of mercury, by means 
of the stop-cock T^., and tlieieby the oil is transfened from the limb IT to the limb 
Bj, the flow being stoi)ped by rotating T^ into its position for connection of iimi) 
with the atniosi)here, when the level of oil in limb B, lias reached about 2 cm. 
above the mark . With IT in the position mentioned, the level of oil in limb 
Bj sTowdy begins to fail ; when the level lias reached the mark above bulb Bj, the 
stop-cock Ti is turned so that communication is made between limb Bj and the 
reservoir I'. Simultaneously with the opening of stop-cock Ti to the reservoir 
F, tlie stop-w'atch is staited and the *ti the manometer /n is noted. 

Finally, as the liquid column reaches the mark below Imlb B,, the stop-watch is 
stopi)ed and the pressure in the manometer again noted. The mean oi the two 
readings of the luaiionieler is taken as the eflective pressure on the licluid during 
the iieriod it flows out of Bj. F'or each temperature several readings aie 
taken with difterenl mean effective jnessures to obtain consistent results 

According to Poiseulle the relation between the viscosity of a liquid and its 
lh>w through capillary tubes at a constant temperature is given as 

sCv' ' 

Alldin}; till.' c'oruclioii factor when the kinetic energy of the out-flowing 
liijnid ih taken into consideration, tlie lelation becomes 

IVR*'!' _ miiV 

‘‘ 8(1-1- >iR)V 8?r(X-t HR)T 

wheic — the viscosity of the liquid, 
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P = the elTeclivc pressure, 

R = raclius of capillary, 

V — volume of out-flowing liquicT in lime T, 

L = length of the capillary tube of radius R, 

w — a certain conslant dependiug on the characteristics of the ends of the tube, 
♦S — the density of the liquid al the temperature of measurement, 

)n“a constant. 

The value of 11 = 1.64 and In the cavSe of vegetable oils ^ is generally 

^1. By making h considerably large, and since V/T for oils is naturally small, 
the second tcnii can be neglected. For the apparatuas in use, since the values 
V, R and L are constants, by using a liquid of known viscosity, the apparatus 
can he calibrated such that for any liquid the viscosity as measmed by the appara- 
tus will be obtained from the relation 

^ = K.P.T, 

where K“-is the constant of the apparatus obtained by measurement with a liquid 
of known viscosity, 

J^ = is the mean pressure acting on the liquid expressed in cms. of mercury 
column, 

and 'r = is the lime taken for out-Hovv expressed in seconds. 

This is the relationship used in the present investigation. 

'Hie result obtained in the case of castor oil arc given in '1 able VI, and curves 
of viscosity against T and log?; against i/T are shown in figures 8 and 9 res- 
pectively. 

'I'hc densities and refractive indices of the oil under investigation were 
measured at the diflerenl temperatures and are given in Table J. The refractive 
indices weie determined with an Abbe direct-reading refractomelcr provided with 
an airaiigeinent for controlling the temperature. The densities were measured 
willi a pyknometer and a sensitive chemical balance. 

I ) T vS C IJ >S SIGN 

It is known Tnat the absorption ol gases by an oil takes place very slowly 
when it is kept at rest, and even when shaken the maximum absorption takes 
place after a period of time. In the present investigation, for each reading the 
shaking was contiiiiiecl till the maximum absorption was obtained, as indicated 
by the rise in mercury column in the manometer, the time taken being about 
^0 to 30 minutes, this period decreasing at higher temperatures. 

The Bunsen absorption coefficient at different temperatures between the range 
C — 9o°C were obtained by the method already described, and the results have 
been plotted in Figs. 2 — 5. The expansion of oil due to temperature rise has 
been taken iiito*coiisideration and the absolute values of absorption coefficient 
calculated. From the curves it will be seen that in the case of all the gases 
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FiCUKB 2 


Figure 3 



AllSOKI-TlON <l|i COj 

Figure 4 



Figure 5 



considered the absorption coefficient at first increases with temperature and after 
reaching a niaxiinum value decreases with temperature. It will be seen tlial 
the nature of variation of absor^ition coefficient with temperature is almost 
similar for all the gases, the maximum absorption taking place at a temperature 
near about 6o"C. The values obtained in the case of air and nitrogen are of 
the same order, perhajis because of the high percentage of nitrogen iiresent in air. 
The values obtained in the case of CO 2 is much greater in comparison with those 
in the case of air, hydrogen and nitrogen. This is of particular interest on account 
of tlie fact that the structure of CO 2 (0=C=0) is almostsimilar to the chain* 
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like structure of the molecules of oil, and it is not known whether this higher 
absorption is due to a larger force of attraction between tliesc two t3’pes of 
molecules. 



Fi(U!ke 6 Figure 7 

The variation of density and refractive index with temperature are shown 
in Figs. 6 and 7 respectively, and it will be seen that the variations arc linear. 





Figure S Figure g 

The variation of viscosity with temperature witJjiii the same range is shown 
ui Fig. 8 and it will be seen that llic viscosity decreases considerably with 
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increasing temperatures. The curve showing the change of logarithms of viscosity 
with i/T is given in Fig. 9 and it will be observed that the curve is non-linear 
which shows that the variation of viscosity is due to some factor in addition to 
tempcratuic. The logarithms of viscosity have been fitted by the method of least 
squares and the values of constants a, /f, y, 8, and log A have been worked out. 


Tabi.k I 

Dalu for Density and Refractive Index 
(See Figs. 6, 7) 


1 

leinp, “C 1 

Density 

Rcfr. intlex 

ao 

A)6i22 

1.4788 

3'» 


J- 47 .SO 

/\o 

94704 

1.4716 

50 


1.4680 

60 


1.4640 

7^ 

.92564 

1.4600 

80 

.91973 

0 

go 


- 

. _ . . 

■ 



Table II 

Data for Absorfflion of Air 

Vol. per cm, of the tube=:o.i6484 c.c. Vol. of oil=49.45 c.c. 

(See Fig. 2) 


Temp, 

3 of oil 
in “C 

Rise of 
niert'uiy 
column 
in cm. 

Vol. of gas 
absorbed 
in c.c. 

Absorption 

Coell, 

a 

1 

Density of i 
oil 1 

i 

j 

a 

eorrected for 
vol. expansion 
of oil 

20 

- 

— 

— 

.96122 

— 

30 ’ 

27.0 

4-451 

.081 1 

•95396 

.0794 , 

40 

3 '-> 

5.128 

.(•904 

1 

.0879 


] 33 


■og ^5 

.94152 1 

-0923 

60 

; 35 

5.S62 

1 .<) 97 *> 


■0930 

70 

35.5 

5,862 

.0942 

.92564 

.0895 

80 

i 3 . 5-8 

5.902 

.0923 

•91973 

oc 

c 

90 

35-8 

1 

5,902 

.0987 

‘ 9*937 

1 .0847 

1 
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Tablk III 

Data for Absorption of Hydrogen 
Vol. of oil=49.4 c.c. 


fSee Fig. 3) 


TeJijp. 
of oil 
in "C 

Rise of 
mercury 
colli nin 
ill cm. 

Vol. of q;is 
absorbed 
in c c. 

Absorption 

Coeff. 

a 

1 

1 

Densitv of 
oil' 

a 

corieclcd for 
vol. cxpansioii 
of oil 

20 

— 

j _ 

. — 

'1 

- » - 


.M3 

5-654 

103 

9533 

.100 

^0 

1 

i 

6.841 

-120 

-94704 

.117 


44-0 

7.401 

126 

-94152 

.122 

6n 

49 0 

8-078 

.134 

- 933^0 

.ia8 


40 S 

7 714 

124 

-92564 

.nS 


45'3 1 

7-467 

1 16 

•91973 

•110 

Cjd 

j 


-- 

1 

- 


Tabi^h IV 

Data for Absorption of Cai bon- dioxide 
Vol. of oil = ii.i c.c. 

(See P'ig. 4) 


Tcnip. 
of oil 
in *0 

Ri.se of iiicrcurv 
coluTiui in 
cm. 

Vol. of gos 
absfHbcd 
in c.c. 

Absoriilion 
j cocfl . 

a 

i 

Density 
of oil 

a 

(’orrected foi- 
Vol. expansion 
of oil 

23 

CO 

'T 

rn 

5-737 

.476 

-95904 

■469 

30 

.38-9 

6.412 

1 -520 

95396 

■519 

40 

42.3 

6.970 

i -54^^ 

■947t>4 

“532 

50 

44-4 

7 319 

; -557 

-O41.S2 

•5,38 

60 

44-5 J 

7-336 

i 54‘* 1 

1 I 

■93.3^^o 

1 

•SJy 

70 

1 

45-^ 

7.401 

! .530 1 

, :)3 1 

-92564 

■.S04 

80 

43-5 

7.171 

•499 

-919973 

‘471 

90 

— 

— 

. ...... . i 

— 

— 


// 
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Tahle V 

Data for absorplian of Nitrogen 
Vol. of oil = 37.30 c.c, 

(Sec 5) 


MVnip. 
of oil 
in ’C, 

RisF of niCTCurv 
cf>lLinin ill 
cm. 

Vol- of 
nhsorlxfl 
ill c.c. 

Alisorplloii 

C< U'if. 

a 

1 >cnsily 

of oil 

a 

correct cd for 
vol. e\pfiiision 
t)! oil 

36.5 

'H ).873 

.3 ‘"751 

0.084 

0 9562 

0.080 

30 

]0.(;V> 

5 -.S .?>'’2 

0 087 

0.9539 

0.083 

40 

.73.100 

3.8067 

0.003 

0.t)47n 

0.0S8 

5 <^ 

27.700 

4 '.S ^’50 

0.108 

0.9415 

0.1 o2 

60 

36 D2,S 

5-9345 

0.137 

0.9338 

0 138 

70 

32.150 

5 -^’987 

0.1 18 

0,9256 

0,109 

80 

32 133 

5 - 295 ^ 

0 114 

0.9197 

0. -05 

QO 

3 »- 17 S 

5-»375 

0.108 

0.Q137 ' 

1 

t...-j 99 







. - - - - „ 

[ . - - “.r 


TaHI.!! VI 
F/5COS1/3' Data 
(vSee Figs. 8, 9) 


Temp. 

in 

•Al)s. 

V 

in po^.sc. 

IfiKlO V 
(ohs, 1 

TjT ^ 

(calc.) 

obs. “ cal . 

393 

j 

t).8j 


. 1)921 

\V 1'3 

1 

9904 

.0017 

303 



.6561 

•.^301 

■'’S 27 

- .'lo:,/! 

313 

'?- 3 i 

1 

- 3 'i 36 

•3192 : 

-36f)n 

.0036 

3*^3 

1 2 ^ 

1 

.J07;: 

1 : 

. 3 og(> 1 

■1073 

.0001 

333 

0 769 

— .1141 

i 

♦ 3 ‘i 03 

.TIjo 

.0031 

343 

0 506 

2958 

,201s 

.3006 

.0048 

353 

0.,W 

- .4634 

■2831 

.4678 

.0044 

363 

0.240 

- .6198 

-2755 

.6190 

.0008 


logjo I) = ’9004 - ’3610 X 10 ' f + 249 X lo — 776 X TO‘*. J39 X 10"*. 
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The measurements ot ul).sorption of dillereut gases in the case of other oils arc 
in progress and the results so far obtained agree with the observations made in 
this paper. Measurements on tlie conductivity of vegetable oils have also been 
taken up. These will be repoited in a separate communication. 
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Plate VI 

ABSTRACT. A convenient nietliorl of prcjdiicing ]iy<iro|L^en coiiiininiiii from visible lo 
aiioo X has been described A diagiain of tin* arrangement and a jdiotograph ol the conitnmun 
liaA'c also been given. 


INTRODUCTION 

These days one eau buy a ready-made source of Hydrogen Continuum 
fiom Messrs. Adam Hilger & Co which gives a fairly extended continuous 
ultra-violet background. It will not be, how'cver. out of place if a very cheap and 
simple method of obtaining almost the same result is described here. There are .so 
many designs tried by dilTereut workers ‘ but they are comparalively difficult and 
in some ca,ses praetically impossible to build in an ordinary laboratory 
workshop. The design tried here is due lo JUeifson* with only a slight 
modification. The apparatus cau be assembled even in an ordinary laboiatory. 
Also the working has been so simidified that the discharge gives nothing but 
couliuiious backgioimd W'henever it glows. One need not be particular about 
pressure of hydrogen in tlie tube. In tlie hope that it may be of any help lo 
the workers in this line a description of the apparatus with its working is given 
here. 


D K vS C R I P T I 0 N 

The apparatus is shown below in a schematic diagram. Hydrogen was 
generated by means of electrolysis of 20% .solution of NaOH contained in the 
U-tube T, the electrodes employed being of Nickel. An electric current of 2 to 2 5 
amperes from a D. C. main of no volts was used for electrolysis. In order to keep 
the U-tube cool it was put in a water bath Wi, The oxygen escaped by bubbling 
through mercury in the tube M and the hydrogen passed over platinised asbestos 
iu the tube A heated to 100'’ C by an electric current through a coil of uidirome 
wire wound round the tube. The platinised asbestos acted as a catalytic agent 
iu removing any trace of oxygen, which might come with hydrogen, in the form 
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of water which collected in the hull) B kept cool in the water bath Wn, Hydrogen 
bubbled through a bottle containing Hn(()H;u solution which absorbed any trace 
of CUw. Finally tlie hydrogen was diied by passing tlirough concentrated 
This method of jneparing pure hydrogen is due to Bodenstein and Dux." The 
discharge tube c-onsists of pyrex-glass tubing one centimetre in diameter and 
attached to a flask of obout 700 c.c. capacity. Alumininni electrodes (obtained 
from Tube Light baigiiieering Company) have l)ecii sealed, about 25 cm. apart, 
to the tube as shown in the diagram. To keep the electrodes cool they are 
immersed in seperate water baths VV, and Q is a quartz window attached 

to tile lube with hard sealing-wax. H is a mercury iiianometer. 


Tn. 


P' 


P 



Tlic discharge liitie was evacuated tiy means of an oi1-air pump. Hydrogen 
was allowed to enter it l)y manipulaling the stopcocks vSj and S-. Before starting 
the discharge tlie tube was thoroughly washed by repeating a number of times 
the process of evacuating the tube and refilling it with hydrogen. The potential 
applied to the electrodes of the discharge tube was 4 kv. from a transformer 
supplied by Messrs. Adam Ililger & Co. When hydrogen was not allowed to pass 
the discharge was due to the occluded gases coming out of the electrodes and 
the tube ; whereas, when the hydrogen was iiavSsiiig and the pump was running 
continuously the glow was entirely due to hydrogen, the occluded gases being 



PLATE VI 


52/8- Z 
5/53-2 
5/ 05- 5 


327 ^ 

3Z^S 


Z6/8-3 


ZI99 6 




\7l 


A simple Laboratory Method, etc. 

carried away in the sweep. If the flow of hydrogen exceeded a certain rate the 
glow automatically ceased. Thus whenever there was a glow with maximum 
rate of flow of hydrogen the desired continuous light was obtained. One must 
be careful not to expose the plate when hydrogen is not flowing. In that case 
banded spectrum due to occluded gases is obtained. 

There is, however, one disadvaiilas^e of this arratigeinenl. The rale of 
gcueratioii of hydrogen is loo slow. The quanlity of hydrogen which collects 
in about 5 minutes flows away in about half a minute. '1‘lms for every flow one 
has to wait for 5 minutes. Consequently for a total ex)K)snre of 15 minutes one 
has to expose 30 times at an interval of 5 mimiles between coiiseeulive exposures. 

The pljotogia])li was taken wiili a small quart/.^spectrograph. In tlic photo- 
graph (see plate \T), in) is the cniitiiiuous siieclrum, (b) is the copper are 
comparison and (( j is a speclnnu with which we are not concerned here. 'Phe 
continuity extends from the visible to the shortest wavelength tiaiismilted by 
the quartz window used 
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GEOMETRICAL NOTE ON VAN DER WAAL’S EQUATION* 

By HARIDAS BAGCHl 
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(Received for piiblicaUon^ April 22, iQjo) 

ABSTRACT. The ol)je('t of the preseut paper ivS to study niallieiualieall} the (KiaplnVal) 
reprcseutatioii of Vein der Waal's ujun lion in the (lUieli dean) spare of tlivee diiiiensicuis. The 
iiivestif^atioiis, eonducted in this paper, centre round tlie gionielrN of the resulting graph (H), 
and takes aivoiint of the Cremona (or birutiomn) transformations which convert Cl into a plane. 
I’nt in a nul-sliell, the main r(*sults olitained are as follow 

(/J that n is a unicursal quartic' scroll and has a triple line al iiitinity; 

(ii) that the line of striclioii of n is a unicursal (juartic curve*; 

[HI) that the Hessian of Cl is a degenerate surface of the eighth degree, consisting 
of eight coincident planes ; 

(/t/1 that every polar quadric of Cl is a hyperbolic paraboloid; 

(i/) that the locus of a point, whose polar quadric is a pair of jjarallel jilanes, is 
virtually a plane ; 

('i'/) that the ' critical point ‘ V (of H),— defined in the first instance as the point 
whose (Cartesian) co-ordinatCvS are resj)ecti\'ely the iritiial pressure, 
criticat volume and crilicaltempetaiinC‘-~\s geometrically designable as the 
uniquely determinate point, having one of its inflexional tangents parallel 
to the axis of volume ; 

(vii) that the mean curvature of H vanishes at P ; and, 

(viii) that Cl has no curve of zero Gaussian curvature, allliongh it has a ('invi* of r.eio 
mean curvature. 

I N 'J' R 0 n U C 1' J O N 

In the preseut paper I have discussed the geonictrical reprcsenUilion of van 
der Waal’s classical equation : 

^ ('d-6) = RT 

in the (parabolic) space of three dimensions. No attempt has been made to enter 
into the merits of the underlying physical hypothesis. Rather the subject has 
been developed from a purely mathematical standpoint, and its interest lies 
mainly in the geometrical characterisation of the graph in question (12). 

As a matter of convenience the subject has been sub-divided into four 
sections. Section I takes account of the line of strictiou of the quartic 12, and 


* Coinmuuicatcd by the Tpdiaii Physical Society. 
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an associated group biraiional (or Cremona) transformations — very often 

contracted as Section II deals with the Hessian and the system of polar 

quadrics (degenerate and non-degenerate) of the surface f2. vSection HI treats 
principally of certain cardinal properties of the ‘ critical point,* defined initially 
as the point (on 12), whose Cartesian co-ordinates arc respectively equah to the 
critical picssurc, critical volume and critical temperature. Lastly Sec. IV 
disposes of certain organic curves of O, e.g., curves of constant mean curvature 
or of constant specific curvature. In certain places the contraction has 

been used for the phrase * respect to. * 


S K C T T f) N I 


(Definition and birational transformation of the V-sui*face) 


1 . According to van der Waal, the pressure p, volume v and absolute tem- 
perature T of a given mass of gas conform to the well-known relation : 

^p+±}jiv-b) = -RT, ... (i) 

where a, b, R are constants. 

If we now take any throe concurrent and orthogonal lines OX, OY, OZ as 
axes of co-ordinates, and take OX as the axis of pressure, OV as the axis of 
volume and OZ as the axis of (absolute) temperature, the three-dimensional graph 
of the equation (i) is evidently a surface of the fourth degree, whose Cartesian 
equation is 

(y“b) = Rs. ... ( 2 ) 


'riiis quartic surface (12) will be frequently designated as the V-surfacc. It 
may be remarked in passing that, when a, b are put — o (as a first approxi- 
mation), 12 degenerates into a paraboloid, of which the two systems of 
generating lines arc parallel respectively to the planes x = o and y = o. This trivial 
case will be ignored throughout this paper, so that the constants a, b (how’ever 
insignificant) will be supposed to have non^zero values. 

2 . Hlementary reasoning readily reveals the ruled character of the surface 12, 
the general equations of the set of generating lines being 

y = K ) 


and 




... (i) 


where A is a variable parameter. 

To find the line of striction on 12, we observe in the first place that, the 
generators being all parallel to the plane y = o, the shortest distance between any 
two consecutive members is parallel to the y-axis. If, then, (x',y^,z'} be the 
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point, where an arbitrary generator, as defined by (i), is met by the shortest 
distance from the con^cutive generator, viz., 

y = A + dA, 

, a R ^ 

* (A + dA)* A + dA-6 ' 

the line fx=a;', z=z') must intersect the line (2). The condition for this to be 
possible is plainly 

+ ^ — . z'. ... ( 3 ) 

(A. + dA) A + dA 6 

licsidcs, we have 

y'=A and + 

A A D 



Solving (3) and (^) for x', y', z' and omitting the dashes, we learn that the 
line of slriction of is a unicursal quartic curve, definable by the parametric 
equations : 


_ a{A — 2b) 


y = A, 


_2a (A-b)* 

"“r* - A^ 


3. We shall now establish a remarkable property of the surface ii, viz., that 
it admits of conversion into a plane by means of a Cremona transjormaiion 
{C.T.). 

To that end we observe firstly that the C. T., definable by either of the two 
equivalent triads of equations ; 


{{, *i = y-b, C=R2. 

y 


- (I) 


changes the surface into the paraboloid 

- 

Secondly this paraboloid can Ik: turned into a plane (vi2., = Y) by the 

C. T,, definable by either of the two equivalent sets of equations : 


(in) 


{iv) 


^ T 


Y=t), Z=yl^ + B»j + ; 


Z-BY ._X(Z-By) 

^ A + CX "A + CX 


(II) 


It follov^ conclusively that the C. T-, compounded of the two C. 1 . s (I) 
and (II), converts the original surface H into a plane. Uhe presence of the 
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athilraty constants A, B, C as well as the (obvious) arbitrariness in the selection 
of the two components CS/s bring home to one's mind that the surface O can be 
carried over into a plane by means of an infinitude of C. 7"/s. Bearing in mind 
that traiivsiormability into a plane by aid of a C. T. is a characteristic property 
of a unicursal suiface, we infer that f2 is a unicursal surface. This can be 
substantiated more simply as follows. 

Introduce a miionaJ — but not necessarily integral — function of fi, say 0 (/a), 
and equate to in the equations (i) of Art. a- Clearly, then, the surface 12 

admits of the following rational parametric representation! t/c., 


A - h ’ 

j = A, 


I (A, /t being parainclcrs) . 


So once again the unicursal property of 12 is manifest. A tliircl proof of the 
same result will he considered iu the uexl article. 

4. Wc shall now re-write the equation of 12 in the form : 


(.ry* + a) (y~b ) — Ry“s=o, ... (i) 

and u.se the symbols L and M to denote respectively the two right lines, along 
which the plane at infinity is cut by the two planes : 

.r = o and y = o. 

Since represents the only term of the /cm i/li order iu U)> wc gather that 
the section of 12 hy the plane at infinity is a (plane) quartic curve, consisting of 
the line M (counted thrice) and the line A (counted once). A cursory glance at 
the equations (t) of Art. 2 .suggests that M is a covunon iransversal (or director) 
of the Qo’ of generators of the surface. 

It is easy to sec that M is a triple line of the surface 12. For an arbitrary 
plane through M being takeu in the form 

y = A, 

its complete curve of intersection with 12 plainly consists of the line M (counted 
thrice), and the line 


3, = A, . 

A A — 6 


(2) 


The inevitable conclusion is that M is a triple line, and that the line (2) lies 
wholly on 12 for all values of A. This last result is already a proved fact 
(f/. Art. 2). 

The surface f2, endowed, as it is, with a triple line, must needs he vnicursat 
and so each of its plane sections is a unicursal quartic. It must not he overlooked 
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that this result is quite In consonaucc with the more yeucral propositiou 
which states that, if any algebraic surface of degree n possesses a nmlliple curve 
of degree n — i, this curve must be a right line and at the same time the surface 
must be unicursal. 


SECTION II 

(SysiciHS of polar quadilcs and the Hessian oj tl) 

5. Let US now specify the position of an arbitrary point P by means of 
homogeneous eo-ordinalcs (a', y, c, w), referred to the tetrahedron formed by the 
three (Cartesian) co-ordinate idaues (yz), (;rx), (.vy) and the jilaiie at infinity. 
Kvidently, then, the first three homogeneous co-ordinates are the same as its 
Cartesian co-ordinates, whereas the fourth co-ordinate u; may be put equal to unity. 
So the homogeneous equation of the surface il, as given by (i) of Art- 4, may be 
written in the symbolic form : 

<f>(x, y, z, 'd<) = o, ■■■ 

where ^ = Uy" + (y ~ 

Partial differentiations give 


— by-Ki ; = 3.vy“ — 2bxy7i> — 2Ryc7r -t- aw' ; 

0 .V 03 ;' 

^Jt = ~ = - bxy~ - Ry'a ^ ; 

0 2 dw 

^=0; -^ = 3r-=br.*s #’i “o; =-1-/; 

A ^-2 > R -r R ^ Q xO z O .r O ic' 


^ _ 

0 y 87e 


0a:0y 

0ydz: 

2 bxy~2 ^yz + ; g-^=o ; 


d 


—.^=C)xy-2bxw — 2lS.Z7v; sRyre ; 

Oy 


02 w 


( 1 ) 


^_ = -Ry-; ^t = 6tty7t'- 120 fire®. I 

dzdw . 

Palpably, then, the Hessian of 12, which is geometrically definable as the 
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loms of points whose polar quadrics are cones, and is analytically definable by the 
equation : 


i _0 “0 

i 0a-=’ 

I 

0y0x’ 

av 

0c0a;’ 

0> 

0 TO 0 -V ’ 

takes the form : 


o. 

_a^ 

0y 0x’ 

o, 

0^</>_ 

0 TO 0 -■r: ’ 


0/0 

0 X Q y* 

djf 

0X02* 

0“0 
0 X 0 'TO 

a/’ 

0 V 

0y02’ 

0 > 
ay 0 TO 

0> 

a *0 

0^0 

a^Oy’ 

02 “' 

0 2 a t£) 

av 

0 W 0 V ’ 

0“0 

QwQz* 

0/0 

0 TO® 


0“0 

0 , 

QH 

0x0 y’ 

a X a rt- 

0“0 

0*0 

0*0 

ay=“ 

0 3-02’ 

0y 0TO 

0/0 


0*0 

a2ay’ 

0 * 

02 0 TO 

a> 

0*0 

0*0 

0TO0y ' 

0TO02’ 

©TO* 



■o. 


When expanded in terms of the first row and reduced, this 
easily put in the form : 


A^ = o, 


equation can tc 


where 


a/ 0 _ 

0=0 

0y 0x' 

0y 02 

0=0 

0=0 

07£;0:\; * 

aTO 02 


Since A=— 3 Ry^ by (I), it folltAvs that the Hessian of the K-surface is a 
degeneraie surface of the eighth degree and consists simply of the plane y = o, 
counted eight times- 

6. We know that the polar quadric of a point P (x, y, z) with respect to 
a surface, given by the Cartesian eciuation 

K (x, y, z) = o, 
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is a paraboloid, if, and only if, the determinant D, defined by 

* I Ok 2 t-v ^ I 


d^F 

a^F 

a‘"F 

a.v^ ' 

a.vaj’ 

6X02 

0=F 

a-'F 

a^F 

0y a.v’ 

ay'" ’ 

a3’a2 

0 2F 

a^F 

a^F 

a^a.r* 

Qzdy' 

82=^ 


vanishes at P. So in the general case (v\ hen P=^o identically) the equation 
D = o represents the surface-locus of a point, whose polar quadric is a 
paraboloid. In the exceptional case when D = o identically, every polar quadric 
is a paraboloid. 

When we apply the above lemma to the surface 12 , we set 

FU, y, z) = 0(x, y, 2, i) 

and note the three relations of 1 (Art- 5). viz., 

8-0 020 , 9 V 

^ -n =0, and =0. 

8.r^ dxdz 

Manifestly then P — o index)endeiitly of .r, y, z. We cannot therefore escape 
the conclusion that the polar quadric of cveiy point zvith respect to the V-surface 
ss a paraboioid. This result is susceptible of independent verification as follows. 

The Cartesian equation of the polar quadric of a point P (xf, y', z') (with 
respect to f2) is 

( ^ ^ I '^“^1 y’’ ~ 

\ Ox' Oy' 02' Owi'y 

where w, 7x/ are to be put = t after differentiations. When the left side is 
expanded and the relations (I) of Art. 5 are utilised, the equation can be easily 
thrown into the symbolic form : 


y (A:^: + fly + vz) ■+ lx + my nz-^ p ^ O, 

where A = y'(3y'“‘2b) ; — 3x''3'' — bjr' R2:' ; ) 

1? ^ - 2Ry' ; / - - hy'2 ; I 

m ^ — 2Ry'2 -*2bx'y'H-3a ; n = — Ry'^; [ 

P ^ 3^^(y^"2b). J 

Inasmuch as the quadratic terms are the product of the two linear factors 


(1) 

(2) 


y and Ax + ^yy + ^2;, 


we conclude that, wherever the point P may lie, its polar quadric with respect 
to the surface *12 is a paraboloid, one system of whose generating lines are 
parallel to the fixed plane y = o. 
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fhc' g[Goinctrical explanation is not far to seek. I'or a multiple curve (of 
multiplicity f>), known to lie on a surface II must be a multiple curve (of multi- 
plicity ]>-q) on the gtli polar surface of every point (ze r-t. II), provided that 
3 < l>. Applyiim this lemma to the surface tt, and recollecting (Art. 4) that 
ilf is a triple line on tl, we infer that the polar (juadric of an arbitrary point 
(w i.l. 11 } must have M for a multiple curve of multiplicity i(h 3-2). In 
other words, every polar quadric (of ti) must have M for an ordinary generator 
and must cut the plane at (X along two right lines, one of which is M. That 
is to say, an arbitrary polar quadric of It has a degenerate ‘conic at infinity’, and 
is accordingly a paraboloid. This corroborates the previous result. 

7. Tet us now look for the locus of i>oints, whose polar quadrics w r.t. li 
are cylinders. Since a cylinder is the only type of quadric, which is at once a 
paraboloid and a cone, we iiromiitly perceive that the necessary and sufficient 
condition for the (paraboloidal) polar quadric of a point P {x', y', z') to be a 
cylinder is that P should lie on the Hessian (y'^ = 0). Thus any point, who.se 
polar quadric is a cylinder, may be taken as o, z'), (where x', z' are aihitrary), 
and the actual eciuation of the associated (cylindrical) polar (juadiic is by (1) 
of Art. ti seen to be 

fiy’^ + viy + p = o, 

where g ~ —bx' — liz', 111 — 30 and /> = -6ab. Obviously the cylinder is, of 
the degenerate type and consists merely of two parallel planes. 

We may summarise our conclusions in the following manner : — 

Whereas all possible polar quadric:, — numbering, of course, 00 ** — are parabo 
loids, only a of them are cylinders, and consist simply of pahs of paiallel 
planes. Furthermore the r\>‘^ of points, whose polar quadrics arc cylindrical, arc 
all situated on the Hessian. 

8. Before we close this chapter we shall touch briefly on the system of 
polar cubics of the surface H. 

In accordance with the geometrical lemma (quoted in the previous article), it 
follows that the triple line of H, viz., the line M, is a double line on every polar- 
cubic. Remembering that a cubic surface, endowed with a double line, is either 
a cubic scroll or else a cubic cone, we gather that every polar cubic ot_H is a ruled 
surface. That any such polar cubic is a scroll (and not a cone) is obvious from 
the fact that its double line M is situated wholly in the plane at infinity. 
Alternative reasoning also points to the same conclusion. 

For the homogeneous equation to the polar cubic of [x', y', z', w’) is 


9 ^ 

a 


+ 3'' 


9 ^- +-/ 90 ^ . 00 
Qx dz dw 


O, 


Putting re, zc' = 1 and using (I) of Art. 5, we easily derive its Cartesif i 
etjuation in the form : 
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® - ^bxy - 2R3'£' + a) - 

- bxy ^ ““ R;v + 3a y — 4ab - o 

Manifestly, then, this is a scroll, the series of generators being given 

y = and .r(33'V''^ ~ - 2h3» ~ R;:(2/x3'' + /ji‘-^) 

+ a''(/c^ - 6/i^) ftn ' — Rju^c'-i' 3rt/-L-4a6 = o, 
where fi is a parameter- 'I'his coiifiriiis the previous result- 


SECTION HI 


(Location of llic ciiiical point of 12 ) 


y, 'rhe aggregate of laiigciits to any given surface II evidently forms a 
linc-coniplex, which includes within its fold the inflexional congiucncc 
made up of the of inflexional tangents (toll). Clearly the cuVer of this 
conguiencc S is — the no. of lines that pass through an arbitrarily assigned 
point P and is therefoie equal to no. of lines that are parallel to an arbitrarily 
assigned line L. For special positions of the point P or of the line 7 -, this 
number may suffer a diminution and so may fall short of the order. 

The avowed object of the present section is to find a point P (^i, /i, >), lying 
on the surface il and having one of the two inflexional tangents (thereat) parallel 
to the 3'-axis. So one of the two inflexional tangents to 12 at P must be the 
line (N) 

X = a, 2 : == 7- ••• (i) 


Making the substitutions (i) in the equation of 12, viz.^ 

(:vy'^ -t- a)(3' — 6 )“Rt^2 — q, ... (-j) 

we readily perceive that the resulting equation in y, viz., 

(ayP^ -f n){y *- 6) — Ry3'‘^ — o 

must be identical with 

(y-^)S == o. 


Accordingly the requisite conditions — at once necessary and sufficient — are 


3/3 = 






These lead to 


, P = 3^^ y = 


(1) 


27b^ ’ ' 27' Rh 

It can be easily seen that the values of «, / 3 , 7, as given by (I), are respective- 
ly the critical pressure, critical volume and critical temperature {of the given 
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mass of gis). If we now introduce Uie QoineiiclatiU'c jc:riticai to represent 

til it piflicLilar point (oil 12 ), whose Cartesian coordinates (taken in order) are 
the critical jiress., critical voL, and critical temp., we are entitled to present our 
conclusions in the following manner : — 

The crilical point is geonici riccilly dcsignable as the uniquely determinate 
point ion 12), one of whose inllcxional tangents is parallel to the axis of volume, 

10. In order to find tlie second inflexional tangent (iV') at /Hs / 3 , y), we 
may take its eciualions in the form ; 

= y-H . x-y, ,) 

/ m n 

where I : in : n are quantities to be determined. Putting 

-V, 3', .0 — <i + /r, /i^-f mr, y-hnr, 

ill the equation of 12, m';:. iz) of Art. 9, vve find that the four iioints of intersection 
of (1) with 12 depend on the follouiiig biquadratic in 7 : — 

Ci" i Dr - o, (2) 

where A hn^ ; P — I in'h* - + Rn) ; j 

C ^ m^ibo^ lly] - 2m IMbl Rn) ; } (3) 

D IfT' -h ii,m(iP'^ — fT^ibl-\-Rn) — 2 iufMln^‘\-Ry)‘ham. ^ 

Plainly the conditions (necessary as well as sufficient) for (x) to be an 
inflexional tangent arc 

C = o and D = o. 

When the values of a, /5, y as given by (1) of Art. 9 are made use of, the two 
relations last written can be thrown into the forms : 

m(7b/ — eRw) ~ o, 

and 2bI — Kn = 0. ) 

So the two sets of values of / : m : n are 

u ; 1 : o ; (4) 

and R ; 0 : 2b, (5) 

For obvious reasons the first solution refers to the inflexional tangent N consi- 
dered in Art 9 As a matter of course, the second solution must then refer to the 
other inflexional tangent A'', whose equations may be wrilteu as 

a' "’'■a _ y — _ z — y 

R .0 2b 

A comparison of (4) and (5) reveals the mutual perpendicularity of the two 
inflexional tangents N and N' at the critical point P. The irresistible 
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cojiclnsion is lliat the Indicaiiix of the V-surfacc li ,it this hoiut is an equUnterai 
hyperbola and that the mean eurvafutc {of the siiiface) vanishes thcrcal. 

The tangent pianc to the surface 12 at P, containing-, as it does, the two 
inflexional tangents N, A/', must then have for its Cartesian equation 

2 b{.\—ij)-R(z — y) = 0, 

i-^-i — yKhc • 2rt ~ o. ... (y) 

This certainly admits of independent verification. 

II. When we look for the polar quadric of /’ a-, r /. the surface 12 , vve have 
to take recourse to (i) of Art 6 and to w rile 


^ I y * 

27 ^“ 


/5 = 36 ; 


v' - V = 


^Art. g) 


in (a) of Art. 6. So the polar quadric (!') of P may be cxliibited in the form ; 

.v(,A.v + /rv Tz) + 1.\ + ju_v t neH A — o, ... (i) 

where A ^ 216- ; = o ; v — 6R6 ; I = ~Qb'' ; ^ 

m = a n — — gR6‘^; p — 30.6. j 


The ecpiation (i) of C being re- written in the form ; 

36 .v( 76 .v - aRc) - y6 ’’.V l ay-'<jlib-r. i ^ab o, 

It is not difficult to see that I ' contains the whole length of cacli of the two 
inflexional tangents {N, N'] at P. Having regard to the obvious fact that T 
touches the tangent plane to 12 at P as given by (o) of the preceding article, 
w-e may i c-state the set of results in the following garb : 

The polar quadric F of the critical point P with respect to the surfaie LI 
is a hypeibolic paiaboloid, touching 12 at P. Further, the two inflexional tangents 
of 12 , that pass through P, arc none other than the heo generators oj C, that pass 
through the very same point. That is to say, F and 12 possess the .v.oiic tangent 
plane and tlie .sionc ])air of inflexional tangents at tlie i-oint 


vSPCTION IV 

Certain organic curves on the 1 -surface 
12. For the surface 12 : 

(y-6) - Rz, 

the partial differential coefficients 

- 02 dz d'^z d'-‘z d‘^z 
dx • 0y ’ 3^ ’ Qxdy ’ dy-^ ’ 
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fsyniljolised rcsj^ectively as jj, q, r, s, i) are given by 


- y-b, = a:- % (y-2b), 

y' 


Rr - o» R5 = I, and R^ ~ iy-yb). j 

y 


vSu llie mean curvature 7 / and the specific (or Gaussian) curvature K at 
a point on li arc easily found to be 

(1 ^ p^^)i’- 2pqs + (i + q'^)r 
(x + 


H: 


2a 

y 


4 (y “ 36){ (y ““ 6) ^ + R^} - 2(y “ b) | a: “■ ™(y - 2 W j 

lV^-^{y^by^+\x-%(y- 2 b)\ 

I y^ 


and K = 


— 


R' 


' 


3 

R2 + (y — {,)2 4. , 

1 




...(I) 


vSince K is negative (except when 3* = o), it ai)pears tliat the surface 12 is 
anticlasiic throughout the finite portion of space. 

1;^. Kvidcntly tlie curves of constant mean curvature (on 12) are to be found 
l)y equating to a constant the value of H , as given by (I) of tlie foregoing article. 
In particular, the curve of zcio mean curvature iH == o) is the intersection of 
11 with the sextic surface : 


a(y — ^b){(y — by^ + R'^}-y{y-b){xy''^ — a{y‘-2b)} ^ o. 

It is a pleasant exercise to verify that this equation is satisfied by the 
co-ordinates (n, / 7 , y) of the critical point P (Art. 9). The immediate inference 
is that the curve of no mean curvature goes through P. I'his is ho\vever, a 
foregone conclusion, seeing that the locus of points of zero mean curvature (on 
any surface) is essentially the same as the locus of iioints whose inflexional 
tangents are orthogonal, or as the locus of points whose indicatrices are 
rectangular hyperbolas (Art. 10). 

The specific curvature at the point P being given by 

J^2 

the two principal radii of curvature at the same point must be , 


R^ + 4 b^ 
R 
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lu like manuer a curve of constant «oti-~cjo Gaussian curvature (say,- c* **) 
is the intersection of 12 with the surface : 

(y-b)^ + \x-\ (y-2h)4 = ± - -R". 

y 1 

Manifestly the parabolic curve — or what is the same thins, the curve of icro 
>pccific curvature — is non-existent on the surface 12. 


R H 1' li .R R N C K S 


* vSaliTionVs Geometry of Three Dimensions. 

* Basvscl’s Treatise on Surfaces, 

s Hudson’s Cremona Transformations. 

* Bagehi's Geomeiu cal Analysis. 
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(symbolised respectively as p, q, r, s, i) are given by 


= y-b, liq = .V- — (y-2b), 


Ur == o, R,? = T, and Rf 


2a 

y* 


(y- 3 b). 


So llie mean curvature H and the specific (or Gaussian) curvature K at 
a point on 12 are easily found to Ik; 

_ (i 2Pq!‘ + (i j q'^}t 

(i +p^ + 

"4 ( 3 ' “ 3^1 ( 3 ' “ h)*’ -1- } - 2(y - fi) j.v - -^(y - 26 ) | 


( r 

R^ + (y-6)2 + j.t-5.(y-2b)'- 


and R = 


t/— 5^^ 

(1 + i]^y^ 


\ . 

R® 


( 

R‘-'+(y-b)2+-;v^“jy-2b) 

( 


...(I) 


Since K is negative (except \vhcn :v — o), it appears that the surface U is 
aiiticlastic throughout the finite portion of space. 

13. Kvidciitly the curves of coiisiant mean curvature (on il) are to be found 
by eiiuating to a constant the value of W, as given by (I) of ttie foregoing article. 
In particular, tile curve of zero mean curvature ,(/-/ = o) is the intersection of 
11 with the scxtic surface : 


a{y- 2 ,b){(y-’by^ + lV^}-y{y-l)){xy'^-a{y-’2b)} = o. 

It is a ideasant exercise to verify that this equation is satisfied by the 
co-ordinates (o, y) of the critical point P (Art. g). The immediate inference 
is that the curve of no mean curvature goes through P. This is however, a 
foregone conclusion, seeing that the locus of points of zero mean curvature (on 
any surface) is essentially the same as the iocus of points whose inflexional 
tangents are orthogonal, or as the locus of points whose indicatrices are 
rectangular hyperbolas (Art. lo). 

The specific curvature at the point P being given by 

K - 

the two principal radii of curvature at the vSame point must be 


± 


R 



Geometrical Note on Oan der H^aal’s Equation 185 

In like raanuer a curve of constant »io?i-rctP Gaussian curvature (say, — r®) 
is the intersection of with the surface : 

( )2 
+ (y-2b)2[- =+ ^ -R3. 

Manifestly the parabolic curve— or what is the same thing, the curve of zero 
ipecific curvature — is non-existenl on the vSurfacc li. 
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Plate VII 


ABSTRACT. A niftli nl is (Irvi'liip.'il f'»r dt-lcnnining Uk- ullra-.s jiiic velocity in Ii(|iii(ls bv 
iblMiniiig sininltanconsl>' llu- diffraclion piUi rii over the eiiliie region of the vi.sible .speelriini 
i sing white light and a speetrograph A sii|>erp i.sed iron are enables the diffracted angle.s to be 
computed for a niniiber of standard wave-lengths. The ealenlation of the angle involves the 
detennitiatioii of the focal length of the camera lens for various wavelengths with its attendant 
errors; but this dilTieulty has been ovenoine by obtaining on the same pbolographic j)latc 
the dillracted patt<'rn from a gialing, •the number of line-, per centimetre of which is known. 
Knowing in addition the ultra-sonic frequency and the ratio of the displacements due to diffrac- 
tion by the grating and by the li()uid a ratio constant .at all wavelength.s— the velocity of 
sound in the liquid is calculated. 

Various investigators have tlcleniiined the velocity of propagation of ultra- 
sonic waves in liquids using the diffraction of inonochroniatic light by a liquid 
in which ultra-isonic waves are generated. In all these investigations the diffrac- 
tion angles are cither directly measured or deduced by ))holographing the dilTrac- 
tion pattern ; in the latter case the focal length of the camera lens for the 
particular radiation employed should be known precisely. When the exirerimcnl 
is to be repeated for ditferent optical wave-lengths, the choice of suitable fdters 
and fresh determination of focal length become necessary. Two slightly 
different methods are here developed by means of which ultra-sonie velocities 
cm be determined more precisely by obtaining a diffraction pattern for a inimbei 
of wave-lengths simultaneously. The first method is to use. an ineandcseent lamp 
ly along with a spectrograph having two .slits at right angles ; the light is focussed 
on to this crossed slit 55 {vide P'ig. il, and the parallel beam from the collimator 
pa.sses through an optically good parallel-sided vessel V coiiLaining the liiinid 
with the oscillating quartz-crystal on top partly immersed in the liquid. 
The quartz-crystal is set in vibration by connecting it across the sidit-stator 
vaviable condenser of the tank circuit of an oscillator emjiloying two RCA 830 1} 
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valves ill i)usli-piill. The frequency of the oscillations is measured by an absorp- 
tion wave-inelei built round a Muirhead Standard variable air-condenser calibrated 
atiainst a precision wave-meter. The light both diiect and diffracted by the liquid 
l)asses through the prism P and the spectrum is then focussed on to the pliotogia- 
phic f)late in the camera C attached to the spectrograph. After the necessary 
exposiue, which is of the order of i minute in duration, the crossed slit above the* 
ordinary slit is removed and the iron-arc is exposed for a few seconds. Fig 2 A 
(sec plate VII gives the result obtained by this method in toluene ; while the 
optical dispersion is along the length of the figure as indicated by the iron-arc 
spectrum, the diffraction due to the acoustic waves takes place at right angles and 
shows at a glance the dependence of the angle of diffraction on the wave-length 
of light used. A measurement of the first and higher order diffraction angles is 
possible at various standard wave-lengths on a cross-slide micrometer. Fig. 2 B 
gives the diffraction spectrum obtained with conductivity water. 

A second method which while avoiding the double exposure indicated above 
has all the advantages of the first inclhod is to use the iron-arc itself in place of 
the incandescent lamp. Fig. 2 C shows a spectrum of this type obtained with 
carbon tetrachloride. It must, however, be mentioned that, m consequence of the 
intensity variations along the length of the si)ectrum in this method, the diffrac- 
tion angles as measured by the previous method are comparatively more 
accurate. 

The computation of the velocity of .sound from the above photographs 
rcfiuires a knowledge of the focal length of the camera lens at various wave- 
lengths. A direct determination of these focal lengths, though not difficult, 
involves errors of the order of i per cent ; it is therefore necessary to eliminate 
this uncertainty in precision measurements of velocity. The method adopted 
finally is to obtain the diffraction pattern arising from a transmission grating 
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DuTraction paiterns of continuous spectra produreci by ultia-sonic waves in 
< A) toluene, and (B) conductivity water. 

(O Diftraction pattern of iron arc spectrum by ultra-sonic waves in carbon 
tetrachloride- 

(D) Diffraction pattern of continuous spectrum by a eratiiif;. Iron arc lines ate 
superposed on (A), (B) and (D). 
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of 23i'5 lines per centiniclre witlioiU alteriiis the selling of the spectrograiili. 
The vessel containing the liquid and the quartz oscillator is rouioved and the 
grating is placed after the collimator with its lines horizontal. Using white light 
and a point slit (obtained by use of the crossed slit), a dilTraction pattern very 
similar to that of the liquid is obtained ; the iron-arc spectrum is super|)osed on 
it {vide big. 2 D) If represents the focal length of the caiueia lens for a 
wave-length A, in the case of the liquid for the first order 


... 

vvhcTc A is the WLive-len^th of sound in the liquid and d i the linear shift of the 
first-order dilTraction on the photograph at A. At the same wave-lengtli the shift 
tL, in the case of the first-order diffraction in the* gialing spectinni is giveii by 

-NA ... (2) 


where N is the iuiinl)er of lines per ccnthnelre on the grating . It follows from 
[i] and ( 2 ) that 


and if the nltra'Sonic frecjnency is 1' IT/, the velocilv of soniul in llir li(inid 



d., 

di‘ 


losing toluene and an ulti ;^^onic fru(|ni‘iicy of s'o^oxki'’ ]]/,, tlu- wlocitv of 
sound in lohieiie has been obtained as I- metres per second at eo\| "C. 

This method is being used for the delerniination of ultra-sonic velocities in 
solutions and liquid mixtures. 

We thank Air. T^. Sibaiya for kindly suggesting llu' experiment and for 
guiding us during tbe c'ourse of this investigation. 
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Plates VIII cK' IX 

ABSTRACT. C(».snu\-ray intensities have been measured at Agra ami Ki)daikanal by 
means of a Rolhcirstcr apparatus with a sliield of iron thick. The intensities have bei n 
redueed to standard pressures, for Agra and Kodaikanal separately, by means of the rt'gn ssion 
eocllicienls caleiilated from the intensity and pressure data. The im aii intensiU values 
obtained after eoiTfccting for barometer efleet are for Agra i’545±o'oo7 and for Kodaikanal 
2\^33±o'oio pairs of ions cm. “3 sec."^ 

IToni these values, after allowing for latitude effect the absorption eocriieientof cosinie 
rays has l)ccn calculated. The absorption coctlieieut obtained, Ti;.., o’202 per metre of water 
agrees well with the values obtained by JMillikan and Cameron. 

By means of this coefllcient of absorption the absolute intensities of cf>smic rays without 
shield have been deduced. These values of 2'oo7 and 1925 pairs of ions per cm'* sec^ for 
Kodaikanal and Agra respectively compare well with Compton’s intensity values for the same 
latitudes. The intensity data for Agra and Kodaikanal arc then anab'.sed a('cording to mean 
and sidereal times. The curves for the mean solar time for the two statums agree with each 
other and with the corresponding curves of other investigatur.s but no similarity has been 
found between the sidereal time curves of the two stations. 

Mean daily cosmic-ray intensities have been (Correlated with solar acti\it>' represented 
by sunspot numbers and llocculi figures but no relationship has hecii lound to exist 
between them. 

In recent times the geographical distribution of cosmie-vay intensities has 
formed one of the important aspects of the study of cosmic radiation. The 
world surveys of cosmic radiation organized by A. H. Coiuittoii and by R, A. 
Millikan have shown the utility of such studies particularly with regard to the 
discovery of the nature of the ])articlcs which constitute this radiation. In spite 
of these expensive surveys it has not been po.ssible, we believe, to collect data 
from as many representative countries as would have been desirable and it is likely 
to be helpful for a general study to secure observational data from such latitudes 
as do not seem to have been well represented in the woild surveys. India seems 
to be one of the countries from which very little data on cosmic ray intensity are 
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uvaikiblu, rufcrciiccs that \vc have been al)lc to find about this type 

of wenk in India are the nieasnretnents by J. M- Bcnade in August, 193::, at 
Lahore iiiulei the scheme of co-ordination initialed by Compton ^ and the 
bailoon ol.servations made at Madras in (October, U)3b, by JL V. Nehcr a 
e(dia))oratn] of Millikan. The measnremeiits considered in the present 
paper, tlioneh not nniiierons, have theiefore aj-peared tc; ns to be worth publisli- 
injLi,. Il i'-, howuver, intendetl that tile measmemeiits should be continued fora 
lew yuus in older to olilain a snlTiciently lotij^ series ol data capable 
(>1 \ieldine. deiiiiili ve values of the intensity of (svsniic radiation in India. 

]\ X P I', n I :\1 \i N '1' A L A U K A N i. C; ]\I I', N T S 

'D e iiieasiii emeiits (b;-eiissed in this ])aper w eie n ade at As^ra (Lai. 

]/)ne. and at Kodaikanal (Lat. lo'' Long. 77'' jS'). Altliougli the 

ehoice of these two stations was dictated by reUvSems other than the requirements 
of this investigatiini, these stations happen to represent ty|)ical localities well 
suited f(ji this kind of work. 'I'hey differ ai>preciabkv in latitude and consider- 
alily in altitude, Agra being inactically a sea-le\'el station about 55^ feet above 
mean sea level and Kodaikanal a hill station about 7700 feet above 
mean sea level. The apparatus used hn these observations wa.s a Kolhdrster 
electroscope of the latest tyiie belonging to the India Meteorologieal Departnieift. 
It had pioved to I)e perfectly satisfactory for the measinements of cosmic radiation 
made by (me of us (A.K.D.) during tw’o sea voyages between India and Huropc 
and at Cainbi idge/’ As it has frequently been contended by workers on cosmic 
lays that intensity measurements aie alTectcd 1)) instrumental bias, it seems 
desirable to give a brief description of our ap])aratus although the jirinciple of 
this instrument is w^ell known from Kollnhster’s dcvScriptions. The complete 
apparatus shown in Plate VIII cons.sts of a cylindrical ionisation chamber * A ' 
made ol sheet iron g'5 inin tliick and fitted with a bia.ss lid of 3 ’5 nini, thickness, 
^i'he clvimber is sealed air-tight and filled with air (at nearly atmospheric 
pressuiv specially dried and freed from radio-a('tive substances. The air*tightneBs 
of the ionisation chamber can be checked by means of a thcrniorneter ^ T ’ and 
a [iiecision aneroid barometer ‘ P ' attached to the instrument. The electro- 
meter is sealed inside the ionisation chamber and its deflections can be read 
with tlie help ol a niicroscojjc fitted to the lid. It consists of a pair of exactly 
similar lo(n»^^ (luarlz ilhre mounted on a frame w’ith a iiickel-steel-quartz 
temperature comi)ensation, the frame \)eiiig fixed upon the objective of the view- 
ing microscojic. 'riie elei'troiiieter being well insulated from the walls of the 
lonisatiim eham1)er, the loss of charge through leakage is extremely small. 
Through the microscope the quartz loofis can be seen only edge\vi.se so that they 
appear as two straight dark filaments against the microscope scale divisions. 
The filaments and the scale divisions are illuminated by means of a small 
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dciic.ti ic lcmi|) iittccl inside li itictu.) tuljc j\I ni\d screwed dh to tlic vviiidovv «il 
the back of the iouisatioii chaniber. 'riio instniinciit can be used for visually 
reading the deflections of the electroscope ; it is, liowewr, provided with a 
camera 'C '(with a rotating drum for idiotngrapliic paper) which can be 
fixed on the eye i)iecc cud of llic microscope for obtaining a continuous j^hotogra- 
[)hic 1 ecord of the sepaialioii of the electroscope lilainciits. h'or the present ol^ser- 
vations, the latter method was exclusively employed. 

the walls of the ionisation chainhei' are thick cnoiigli !(.> prc\'cnl any ot or 
rays from euteniig it ; Init in order to eliminate the possible elTeet of even the 
most pciietiating y rays oi known radio-active origin, the apparatus was enclosed 
ill an iioii shield oi 5 5 inches thii'kncss all round t'lie shield was built uj> as 
a rectangular box from several in>n plates for lamvaaiicnce of manipulation'. ]h>i 
chai'ging the eiccli'ometer al inteivals, it was iiecessaiv to make one u’all of 
the shield easily removable and consequent!}^ it was found essential to keep 
down its wx'iglit as much as possible. Accordingly, the sliield wais made just 
large enough to enclose the ionisation chamber only, so that the end of the 
microscope tube carrying the I'amcra jirojectcd out of the shield through a hole 
in the movable w^all. The movabic wall itself had to be made of tw^o halves 
mounted in such a w^ay that they C( 3 uld be slid along iron grooves with ball 
runners. Tliis arrangement necessarily involved a certain amount of leakage 
of y rays into the ionisation chamber, but we do not think that it could 
have been large enough to affect materially the measurements of the 
cosmic rays. 

The experimental material utilised in this work consists of comi)Iete records 
for 23 days in June-July, 1036, at Agra and for 13 days in February, 7938, at 
Kodaikanal. At Agra the whole apparatus was installed in a canvas tent well 
away from buildings and al Kodaikanal the apparatus was housed in a wooden 
hut previously used for housing magnetic instniments. The electrometer w^as 
charged each time to about 300 volts and was allowed to discharge itself till the 
voltage dropped to joo volts. Below 100 volts the ionisation current no longer 
corresponded to saturation, so that llie electrometer had to be charged up again. 
This necessitated charging the electrometer twice a day at Agra and three times 
daily at Kodaikanal where the loss of charge through ionisation was faster. 
Charging of the electrometer was done wuth the help of a magnetic probe and 
a charging terminal fixed on the lid of the ionisation chamber but insulated from 
it by means of an amber insulator, ^‘he battery used for charging was a 
Zamboni pile the positive pole of which was connected to the charging termmaJ 
of the electrometer, the other t)ole being earthed. The probe which is inside the 
ionisation chamber was then brought into contact with the inner end of the 
charging terminal by turning it over with the help of a horsc-siioe magnet 
attached to the outside of the lid. The charging uow^ finished, the probe was 
again turned back to its initial position so as to keep the electrometer disconnect- 
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ccHrom llie rliari^iiiK tcniiinal. The separation of the clcclroiiieter filaments 
when charged could be observed through a window in the camera by means of a 
reflex arrangement. The time of the opening or the closing of the shutter was 
noted whenever this was done for charging the electrometer or for changing the 
photographic paper, A sample record obtained from the instrument is shown 
in Plate IX. This is a C(.)py of the Kodaikaiial record of I'ebruary 17-iS, 1938 on 
a reduced scale. There are three pairs of electrometer traces on the chart. 
Pach pair begins with full charge wlicii there is the greatest sci>cration between 
flic filament traces and then gradually the traces come nearer together as the 
charge decreases. 'J'hc very line and close lines rimniiig along the sheet are 
the traces of the microscoj>e SimIc divisions. 'I'lic rather thick lines across the 
sheet are the liour marks which arc registered by means of a device in the clock 
work which short-circuits the lain]) once every hour. The sheets weic measured 
by means of a low-power travelling microscope, 'file procedure was to count 
the number of scale divisions between the electrometer traces at every hour mark 
and at every point corresponding to the time of the ojiciiing and closing of the 
exposing shutter. The times corresponding to tlic hour marks were deduced 
from the times of the opening and closing of the shutter after making due 
allowances for the rate of tlic clock. The linear distances lietwcen the electro- 
tneler traces, /.c., the number of scale divisions counted, were then converted to 
volts by means of a calibration curve prepared by one of us (A.K.D.) with tlie 
help of a fine precision potentiometer at the J^Iectrical pngineering Paboratory 
of the Ijnivcrsity of Cambridge. 

vSince all other sources of ionisation have been eliminated by the use of the 
iron sliieldj the loss of charge of the electrometer must be due to cosmic rays 
alone. Accordingly the rale of ion formation is a measure of the intensity of 
ihe cosmic radiation. In order to obtain the rate of ionisation, all the readings 
of the electrometer in volts were tabulated against the corresponding times so 
that the values of volt difference (dv) and of time difference (dT) were directly 
obtained from the tables. The rate of ionisation, /.e., the number of ion-pairs 
per cm.'^ per second, was thou calculated according to the usual formula for this 
kind of instruineiit. 


300 x 6 oxcxL’ dT ' df 

where J — number of ion-pairs/cm.’V'sec., C = cai)acity of the electromcter 
= 0*268 cm. 

P = internal volume of the ionisation chamber reduced to o" C and 760 111111. 

dv 

pressure = 3801 ’06 cni.^, = electronic charge = 4-78 x io"’ " c.s.u. and — ^ = 
decrease of voltage per minute. 



Measurement oj Cosmic Rays at Agra and Kodaikonal 195 

The residual ionisation of the apparatus, as detenniued and given by the 
makers, Gunther and Tegetmeycr of Braunschweig, is i i*}5 ion-pairs per cm.*^ 
l)Cr second. By subtracting this value of the residual ionisation fioni the total 
ionisation represented by J, the ionisation due to external causes or the intensity 
of cosmic rays * I ’ was obtained. 


]\ A R O JM H T K R 1^ I‘ !• K C T 

The intensity of cosmic radiation nieasuied at the surface of the earth must 
l)e expected to be influenced l)v meteorological conditions and conseejuentiy it is 
essential to reduce all observations made at different times to standard meteorologi- 
cal conditions in order that they may be comparable. The atmospheric factor 
which affects cosmicu ay intensity most is the barometiic t)ressure, tlie effect of 
temperature, humidity and other elements being comparatively small. This fact 
observed by most investigators, was brought out very clearly by the method of 
multiple correlatif)!! used by A. Coriin who olilaiiied the following correlation 
coefficients fur pressure (RIB) tenii>eraliue (RVV) and humidity (Kill) foi the 
three periods for which lie analysed his data. 


Pc'i i()(l 

1 

I 1 

1 

11 

111 

RTh 


0-0/10 

-"O'/iso 4 o‘05/| 

RIT 

— 0-157 1 *'-045 

1 

4 0 4o-o6N 

Rin 

f 0 - 0/15 

— 0- i 3 S + ".c>|7 

I o-oj^) 4 o-ohS 


It is clear from the abow- table that only inessuve has a real influeiict' on the 
intensity of cosmic rays, the (»ther factors having a very small and uncertain 
influence. We hav(‘ therefore applied only coric*ction for tlie pressiin effect in the 
present work. 

The barometer effect was deduced by arranging the intensities according to 
different values of pressure, working out their means and then applying the 
method of regression coefficients. 'I'he inessures at the mean times of observation 
were obtained from the charts of self-recording microbarographs of the Agra and 
Kodaikanal observatories. During the periods of observation here considered 
the barometric laessure varied lielwccii 28-85" and 29*09'' at Agra and between 
22 ’69" and 22*90'' at Kodaikanal. In order to reduce the intensity values for each 
station to some standard pressure, tlie following procedure was adopted. All the 
intensity vaJuCvS were tabulated separately for Agra and Kodaikanal according to 
different values, of pressure at intervals of o-oj". The mean values of intensity 
' I ’ for different values of pressure P were deduced and the regression coeflScients 
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R between these values \\'ere then calculated from the following formula 

R= S.{l{P- p}} 

s.UP-fFl 

where /> is the mean of all P values. 

The rc^uression coelhcieiils derived from Agra and Kodaikanal data are 
*-u*o7S ] and —0 040 I i)er inch of mercury respectively. With these coefficients 
the values of I for Agra and Kodaikanal were reduced to the standard pressures 
of 2c/o" and 22 S" respectively. We denote these intensity values reduced to 
standard i>ressure by J(». 

A n S o R P T I ( ) N C U K I' 1- T C I IC N T O V C O S ]\r 1 C R A V S 

The mean value of the intensity of cosmic rays at any place dej)eiids i)rimnrily 
upon the allilude and the latitude of the station. If for the mean values of 
obtained for Agra and Kf)daikanal allowance is made for the eflect of latitude, 
then the remaining diiTereiicc* between the intensity values would be mostly due 
to the elTect f>f altitude and from this the absorption coefficient of cosmic rays can 
be calculated. 'Hic fact that c(»smic-ray intensity varies with the geomagnetic 
latitude* is now well established. The results obtained by Clay, Compton, 
Hoerlin, Nelier and others show that cosmic-ray intensity is nearly constant from 
about latitude 50'’ to the pole both in the iiorlliern and southern lieinisiihere^, 
but decreases steadily towaids the equator, the decrease amounting- to about 14 per 
cent, at sea level and much higher at higher altitudes. The geographical latitudes 
of Agra ami Koilaikanal are 27" S' N and to*’ 14' N and their geomagnetic 
latitudes aie 17'’ 21' iV and <» .T? ^ N resi>ectively. 'I'he gefiinagiiclic latitudes 
were caleulated from the formula 

sin A — sin i/* cos 0 cos </> + cos sin 

where A is the geomagnetic latitude, the colatitude c^f the north pole of uniform 
magnetisation, 0 the gc(Tgraphical latitude of the place and 8' is the west 

longitude of the place. 

From Compton’s ' intensity geomagnetic latitude curve for sea level 
(which includes the data of Clay, Millikan and others), the percentage decrease 
in intensity from latitude 17" to the eciualor is about i and the same from the 
curve for 2000 metres (about 6hoo ft.) altitude is 2-5. The altitude of Agra and 
Kodaikanal being 554 feet and 76SS feet respectively, the intensity at Kodaikanal 
has to be increased by 2 per cent, to reduce U to Agra latitude. Then this 
corrected intensity can be compared wUh the intensity at Agra and the altitude 
effect can be deduced. 

^ Uv geoiiiajiinetie lalitiule is meant the latitude relative tn the pole of uniform magiielisalion 
of the eartlv which is at 78“ 32' N and 69” 8' W and is diflerent from the magnetic latitude which 
is defined by Ujc formula tan tan 5, where ^ is the magnetic latitude and 5 is the dip of the 
magnetic needle. 



[Measurement oj Cosmic Rays at Agra and Kodaikaiial 197 

The mean cosmic-ray mtensities measured at A^ra and at Kodaikaiial arc 
r5')5±’t>o7 and .:-3,t.t±-ojn ion-pairs cm.""’ sec. respectively. Tlie intensity at 
Kodaikaiial reduced lu Agra laliiude would tkcii be .r^So ioti i)aiis cm. sec " 
We can take it that the intensity of ioii-paiis cm. sec."' becomes lednced 
to i\S45 ion-pairs cm.’“‘^ sec."^ throuj^Ii absorption by an air column of dej)!!] 
corresponding to of mercury, this being the diiTerence between the mean 
barometric pressures of Agra and Kodaikanak Assuming that the cosmic rays 
are absorbed exponentially, their absorption coeflicient can then he calculated by 
means of the simple formula 

Ij— I2C or/A-[ Mog 1 1 - log K.), 

where a is the absorption coeflicient, I ^ and are the intensities (d' rays when 
tliey enter and when they leave the absorbing layer respectively, and d is tlie 
depth of the layer, bsing ay)])ropnate values for Agra and Kodaikaiial in the 
above formula we olitain 


2*400 

X T,3-o X 


(log :: ■ 3N( > - log 1*415) 


--o‘oo2o,; can. “ gm.“' 

— '»>'2(>2 pci metre of water. 

This value of absorption coenicient agiees with the values ol)taiiicd ])y INIillikan 
and Cameron '* in their exi>eriments in the higli nllitnde lahes of America. 


A n vS O Iv V r Iv I N 'J N S I r l K S i ) V C O vS at i c k a y s 


'I'he mean cosmic-ray intensity values of 2-444 and i’545 ion-pairs/cmi.'^hsec. 
ohUained at Kodaikaiial and Agra resiiectively arc those measured inside an iron 
shield of 5-5 inchc.s thickness. The alisolnte intensities Ij, and (/o’., the 

intensities w'ithout the shield) can he calculated for tlie two stations from the 
coefficient of absorption already delerniined and from the density of iron. We 

\ 

again use the exponential formula/^- flog 1 1 — lug I^). Siibstiliiting 

d 


the values of /a, d and Kj for Kodaikaiial we have 


■00 202 


2*4026 


5'5 2*54 X 7 ^^ 

or Ik — 2-t)o7 ion-pans cm."'’ sec 

Similarly for Agra \\c have 


(log Tk -log 2-444) 


Ik 1 ■cj25 ion-pairs cm. ’’.sec. ^ 

The intensities corresi)Onding to the altitudci^ of Agra and Kodaikanal from 
ComptoiTs intensity-barometei curve for latitudes o'" - 20'' are 2-8 and 1-7 respec- 

4 
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lively. These values He between those obtained from the present measurements 
with and without shield. Hut if \vc lake into account the fact that Comj^ton^s 
values are for a shield of 2*5 cm. of l)ron/,c and 5 0 ciil of lead (which roughly 
corres])onds to about lialf the thickness of the shield used in our experiments), 
then there is close agiccnient 1)etv\ecn these \'alues and those arrived at in the 
present i)apei . 

1 ) 1 Ti V N A h V A R 1 A T T O N i) V C O S M T C - R A V T N T K N vS T T I K S 

W' 1 r 11 S T I) H R n A h A N I) M K A N 'J' T IM K S 

During U)20 *:’q a number of investigators were engaged in finding out 

whether the intensity of cosmic rays varied with sidei'eal time. In 1926 

W. Kolhorsler and v, v^alis from theii observations in Mdnchgipfei in 
Svvit/eriaiid found variations up to 15 per cent, following a daily period according 
to sidereal time with maximum at 6^' and 16" and minimum at about io\ Later 
Hfiltiiei, Steinmanrer and Steinkc from their observations at different places 
confirmed the results of Kolh^h ster and v. Salis. ^Dic rcvsnlts obtained by different 
investigators were plotted by A. Corli]i and are reproduced here in Figure i. 
As will be seen, all these curves agree wdtli one another excepting those of 
Lindholm at Mnottas Muraig!. C'oriin ~ also got the same results as Kolln’irster 
and others l)y analysing his data at Abisko. 

But later observations by a number of olli:‘r iiu'cstigalors did not cuiifirm 
these results. Among the later observations may be mentioned those of R. 
Steinmanrer at Son iibliek (ic}29'^U)b of Lindholm at Stockholm (1930-31) and of 
Compton and others at Mt. Iwans (j()3i). Though liiese investigators did not 
find any unquestionable vaiiations in intensity according to sidereal time, yet 
when their data were analy.sed and plotted against mean solar time, they found 
very good agreement in all the curves with maximum a I noon or in the afternoon. 
These curves are also reproduced here in Figure 2 from Coilin. ^ 

1 he intensity data tor Agia and Kodaikaiial were analysed aceoi ding to 
sidereal and mean solar times to sec Iiow^ far they agreed w ith the results of other 
invcstigatois. lo get tlie mean hoin ly intensity x'ahics according to sidereal 
time, all tlie mean times of (jliservation were converted to sidereal times. 
Intensity “bidei cul tune ciiives were then draw'ii for cv'cry dav From these curv'cs 
the intensity values at every sidereal hour weic road off and their means for each 
hour were calculated for Agra and Kodaikaiial seijarately. Similarly mean hourly 
intensity values w'ere calculated according lo mean solar lime (in this case Indian 
Standard Time). These values were plotted sepai alely for Agra and Kodaikaiial 
and are showm here in Figure 3. 

It w ill be seen from Figuie 3 that the mean time curves for Agra and 
Kodaikaiial agree with each other and also with those of oilier investigators showm 
iji Figure 2. Both these curves show a maxiinum intensity in the afternoon (Agra 
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The sidereal tiiiie pericKl as observed in lyjh jo 
P'lGURU 1 
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The mean time ])eri(>d as observed with closed shield in 1929-32. 

l''lGURE 2 
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at 14^' atid Kodaikanal at 15’') and iniuiiimiii intensities at it* and 24*. But the 
sidureal-tinie eui ves for these two stations do not show any conformity cither 
with each other or with corresponding curves of other investigators shown in 
I'hgure I. t >11 the other hand, a close examination of these tv\o curves shows that 
they are inoie or less opposite in phase, /.<■ , the mininitim in the curve of one 
station corresponding 10 the inaxiinum of the other. This can be exiilained by 
the fact that the Kodaikanal data refer to the month of February and that of 
Agra to the months of June July. Between the coiresjKjnding sidereal times of 
I'ebruary and July there is a dilTerence of about 12 hours according to mean time, 
and as these curves agree ai cording to mean time, they are opposite in phase 
according to sideieal time. Therefore, it can be said that the Agra and Kodai- 
kanal data do not confirm the results of Kolh<>rster and others but confirm those 
of later investigators who find variations according to mean solar time. 

20 
r6 

I 

20 
1 '6 

1 2 
0-8 
:>'o 

2 I 

20 


6 S 10 12 14 16 iS 20 22 24 

IT ours (sidcrciil) 

FKir»E 4 

But it should he noted that flic data of Agia and Kodaikanal are very 
ircaj^rc to draw any dclinite conclusicns. For such kind of work, data ranging 
over very long peii( ds arc required so as to iniiiunib^e llie cflcct of abnenna] 
changes (the so-called variations of the second kind often shown by cosmic-ray 
ijitensity from hour to hour. These variations of the second kind can be seen 
from the curves given in Figure 4 where the intensities for two days each for Agra 
and Kodaikanal are plotted against sidereal time. But in the mean curves shown 
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Tabi.e I 


Solai activity and cosmic-ray intensity (Aj;ra) 


Date 

Daily mean 
siinspcjt 
numbers 

K 

T'loreuli 

lijjure 



M . 

FbiL't'uli 

TT., Dark 
Plorculi 
ligiirf 

Sum of tlu* 3 1 
I'l'iccub 1 

figures 1 

Mean (lail^ 
t'liMiiic-rav 
ink'ust^v 

ic^-6-36 

bo 

2.8 

2.8 

0 1 1 

-■3 , 

7-9 

*■311 

t(;-6-36 

JOl 

3 0 

2.y 

^•5 

8.4 

1.326 


88 

3 -t^ 

3.0 

2.2 

8 2 

3.214 

21-6-36 

110 

3-1 

2,S 

1.8 

7-7 

1 .368 

2 2-()“R6 

100 

3.0 

3 n 

2.: j 

8.1 

*•475 

■13-6-, 

76 

3 n 

2.7 

2.0 

77 

*-544 

2.1-6-;, 6 

7 ^ 

3 r 

2.8 

2,r\ 


1.383 

-.■5-6-36 


3-2 

3 -t' 

-•5 

87 

1 .622 

26-6-56 

112 

31 

3*5 

2.2 

8 8 

1.312 

27-6.56 


3 2 

3-5 

2.8 

0 5 

1.62J 

2g-6-56 

68 


27 

2.8 

8.3 

* 383 

50-6-56 

79 

2-8 

2.8 

3-2 

8.8 

1.390 

1-7-36 

79 

1 

2.9 

?.o 

3.0 

8.9 

J '550 

2-7-36 

74 

3 -^> 

3-0 1 

3-0 

9 0 

^•585 

3-7-36 

44 

2.9 

2.0 

2.8 

7-7 

1.396 

•1-7-36 


2.g 

27 j 

3-0 

8.6 

1.616 

5-7-36 

52 

2.8 

2.8 

2.2 

7.8 

1.671) 

7-7-30 

30 

2.S 

2.0 

2.1 

6.6 

* 537 

8-7-36 

47 

2.4 

2.0 

2.0 

6.4 

1.361 

6-7-36 

43 

2.6 

2.1 

1.8 

0.5 

1 371 

10-7-36 

47 

2.8 

1-5 

^■5 

5 .« 

*■ 57 -' 

1 1-7-36 

49 

2,1 

I 2.0 

1 

2.0 

6.1 

*-.S 74 

1 1-7-36 

67 

2 9 

' 7 .i 

1.0 

6 1 

J.302 

1,1-7-36 

76 

2.9 

2 ..S 

I ,i» 

6.4 

1.692 

15-7-3'' 

A? 

3 -« 

2.7 

) 

1.0 

n.8 

*-\58 

16-7-36 

69 

3-1 

.8 

1.0 

6 9 

*• 37 '' 

17-7-36 

57 

2-9 

1 

1.0 

6.7 

1.576 

18-7-36 

53 

31 

i 

J 0 

7.1 

1.566 
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TAliLK 



Solar 

activity and 

cosmic-iay 

intensity ( Kodaikanal) 




K 

n„ r.iigi.t 

TI„ DmiA 

r»f tlu' 3 

IMeaii dailv 



l']( K'Cllli 

iOfM ( 11 It 

iMui 1 iili 

lUoi cull 

cosniic’-ray 



rigiii-f 


liginr 

ligurc 
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i-.S 


S -7 

2.211 
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.V't 

3 " 

3 '3 

10. (j 


1 

KM 
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3 -1 

3 

TO 0 

2.376 


Jin 

38 

3 --’ 

3-3 

12 5 

2 2311 


i()() 

3 .-^ 

1 3 

1 

3 7 

1 1 .S 

33 ^^ 

1 




3 '• 

5 “ 

i.\ 2 

-’. 3‘-)3 



3 ! 


3 ‘- 

12 1 

‘■^.336 



'I 3 

S <• 


n 3 

j --331 

17 *.;' 3 S 

171 

.1-1 

1 • ' 


IT.] 

; 2.3 S 3 


j';i 

3-1 


7 (1 

: n 3 

2 355 


'-1:. 

3 0 

Pl 

2 U 

10,(1 

: 2. 3.'] 2 




pu 

2 4 ' 

10. 0 

2.286 

21-2-38 

lOu 

3 --I 

3 '.S 

2 C) 

c)‘6 

2.379 


in l^'iguru ,3 llicsc variations are inncli less proiioiuiCLM and if longer periods are 
taken the curves may l^e expected to become very much smoother. 


C O S M 1 U A V S A N 1) O T, A K A C ^1' I 1 '1' V 

Wliellier the sun at 4\ll contributes to tlie Intensity of cosmic rays docs not 
Seem to have been conclusi^'e^y established. Some observers have, however^, claimed 
lo have delected a small solar conti ibulion as the result of theii analysis of a long 
series of nieas\irenients. Another way of detecting solar influence on cosmic-ray 
intensity is to c(n'ie]ate the mean tlaily intensity witli solar activity. Accordingly 
the mean daily cosmic-ray inteiisilics^ for Agra and Kodaikanal were calculated 
from the values of I,) and t lie sunspot nnml)ers and flocculi hgiires were taken 
from the quarterly hiilletins for character (igures of solar i)lieiK)mena ’published 
under the auspices of the Intcruatioiial AvSlroiiomical Union. In the bulletins the 
llocculi figures are given separately for calcium flocculi, H'» bright markings and 
Ha dark markings, each for llie whole disc and for llie inner circle (half the 
radius of disc) of tlie sun. The sum of the tliree ‘ \\hole disc ’ figures was taken 
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for the purpose of correlation. All these results are collected in Tables i and 2 
for Agra and Kodaikatial respectively. These figures were plotted as dot diagrams 
in order to see whether any relationship exists either betw een the intensity and 
flocculi figures but no relationship of any kind was detected. The data considered 
are, how’ever, very meagre for drawing any definite conclusions. 

The senior author takes this opportunity of thanking Dr. C. W. B. Normandy 
C.I.E., Director-General of (Observatories, for imrchasins the Kolliorster apparatus 
at his request. He is indebted also to Rai Bahadur G. Chatlerjee, Superintending 
Meteorologist, Agra, who had the iron shield constructed at the Agra Observatory 
besides providing him with all facilities for the ]>art of the work done at Agra 
and Dr. N, K. Sur, Meteorologist, for the valuable assistance he gave him in the 
reduction of the cosmic-ray records at Agra ()ur thanks are also due to Dr. A. 
ly- Narayan, Director of the Kodaikanal Observatory, for his interest in the part 
of the work done at Kodaikanal. 
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Plate X 

ABSTRACT' B5' an improved method, .sugar was purified and the Raman spectrum of its 
solution taken. 'I'tiis revealed rfi Raman lines and the usual water band. The frequencies 
of the lines are 377*. 54‘)*. 509 *. ^ 40 , 755*, 856, 9.^3, 108R, 1135, 1272, 1333*, 1370*, i.ioS*, 1472, 

2S6.S and the water band extending from 3298—3681. The frequencies marked with a,sterisk.s 
have been observed for the first time. A general assignment of frequencies os due to the 
C- 0 , C-H, S (C-TIl oscillations has been made. These lines arc compared with those 
obtained with glucose and crystalline sucrose. 

INTRODUCTION 

In view of the interest in the constitution of sugars from an organic or 
biochemical standpoint, a study of the Raman effect of this class of substances 
is of special importance. But it is suprising to note that very little work has 
been done in this direction. This is most probably due to the fact that heavy 
molecules of this type give rise to a strong continuous background which is 
found, in many cases of Raman spectra, to completely mask the lines charac- 
teristic of the molecule. The classical example of this type is glycerme- 
(0H)HX'.CH(0H)CH2(0H). The continuous background in the Raman spectrum 
of this substance is so prominent that even with the liquid distilled in vacuum it 
could not be entirely eliminated. (It may incidentally be mentioned here that the 
author ha^ obtained, using an improved method of distillation, an cxtremly good 
Raman spectrum for Glycerine and the results are being published.) This 
substance is comparatively simple when compared to heavier molecules containing 
a larger number of carbon atoms. Various workers have attributed this 
phenomenon to various causes, but with all the work done so far, the weight of 
evidence is that the continuum arises from an impurity and is not due to a 
genuine Raman scattering. 

Whiting and Martin * w'ere able to partly eliminate the continuous spectrum 
by making the solution of sucrose dust-free by precipitating with A 1 (OH)> 
They were able to record after 144 hrs. of exiiosure, four faint Raman .ines, with 

frequencies 1090, *1480, 2870 and 3420 cm.-', the last being the water band or a 

superposition of this over the Q-H band arising out of the 0-H in sugar. 
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Polara ® working with sugar solutions reported a large number of Hues ; 
the Raman frequencies of which are 625, 668, 68g, 858, 945, 1037, 1134, 1224, 
1339, 1425, 1488, 1683, 2016, 2055, 2113, 2164, 2404, 2718, 2813. 

Kutzner ^ tried with a number of saccharides and obtained frequencies 
given below. 


Glucose 

Galactose 

Fructose 

Maltose 

Saccharose 


454, 513, ”43 

1138 

1179 

1x35,1140 

1130-1188 (broad band) 


A comparison of the results obtained by Polara with those of Whiting and 
Martin on the one hand, and Kutzner on the other, will indicate the large 
discreiiaucies between the frequencies of the lines obtained by them. With a 
view to investigate the cause of these discrepancies, a study of the Raman 
spectrum of sugar was undertaken, the results of which are given below. 


K X P T-: R 1 M I-: N 'I' A L 

While studying the Raman effect, it is important to ensure that exciting 
light was not decomposing the substance under investigation. N. A. Yajni^ 
and co-workers* have shown that solutions of sucrose, when exposed to ultraviolet 
light, undergo hydrolysis even in the complete absence of acid. Hence, the 
solutions studied in these investigations were always tested with p'ehling’s 
solution for the abscence of reducing sugars, both before and after the exposure 
to the mercury arc light used as the exciting radiation. The light from the 
arc was condensed by a g" glass condenser on to the Wood’s tube containing the 
sucrose solution. After several trials with various light filters, a combination 
of two filters consisting of sodium nitrite and the solution of the proper strength 
of Iodine in carbon tetrachloride was chosen and placed between the condenser 
and the scattering medium. This served to eliminate the 4047-line of the aic 
and beyond on the shorter wavelength region and also the continuous spectrum 
between 4358 A and 4916 A, present in the light from the mercury arc. Care 
was taken to run the mercury arc at a low voltage — which considerably helps to 
reduce the continuum. Thus the exciting source is 4358 A which is undoubtedly 
the best mercury line for this w'ork, as decomposition of sugar is avoided and 
the Raman lines appear between the lines 4358 A to 4916 A, a region free from 
mercury lines. 

The scattered light was focussed on to the slit of the spectrograph by 
means of an achromatic lens. A two-prism si)ectrograph of high light-gathering 
power (which was kindly designed and constructed by the Instruments 
Manufacturing Section attached to the Applied Physics department) was used 
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to record the Raman spectrum on Ilford Isochroin plates. A comparison 
spectrum of copper was given on the same plate using a Hartmann’s diaphram 
and the wavelengths determined by measuring with a Hilgcr comparator. 

METHOD OF P IT R I F I C A T I O N OF SUGAR S O L U T I (1 N 

A 6o% solution of sucrose was prepared with redistilled water and was 
found to be contaminated with appreciable amounts of suspended impurities 
and was straw yellow in colour. Various methods of purification suygesled 
by previous workers were tried with little success. Purification by repeated 
crystallisations did not appreciably improve the nature of the spectrum. Hence, 
a modified method of purification was adopted in this investigation. The 
sucrose solution was treated with the decolourising carbon-Norit A. The 
quantity of carbon used was about 2% of the solids in the melt and the 'wet 
filling ’ method was adopted for clear filtration. The first liquor which flowed 
from the filter was generally cloudy, but after fifteen or twenty minutes of 
running to reliltraliou, this cleared up. The solution was further rendered 
clear by centrifuging in a Sharpie’s super centrifuge at 5,500 r.p.m., the out- 
flow from the centrifuge being directly collected in the Wood’s tube. 


RESULTS 

In Plate X, figure 1 shows the Raman spectrum of sugar solution 
before purification with an exjjosure of 2 hours. Kven with such a short 
exposure the continuous background was so strong that it was not possible to 
observe any Raman lines. Noting that the continuous spectrum w'as too strong 
to permit of observation of any Raman lines, attempts were made to eliminate 
it by purification of the solution by the method described above and by the 
use of suitable light filters. 

Figure 2 shows the enlarged Raman si)ectium of the purified solution 
with an exposure of 15 hours using NaNOg solution and Noviol gla.ss as filters. 

Figure 3 shows the Raman spectrum of the same solution using NaNOg 
and Iodine in carbon tetrachloride filters- The time of exposure in this case 
was 30 hours. 

It is evident that in figure 3, the continuous background is least in 
intensity showing that this combination of filters is most efficient. The Raman 
lines are prominent enough to permit of the measurement of their wavelengths 
with a Hilger Comparator. For such of the lines which are broad and difl'use, 
the location of the maximum with the Comparator not being possible, a 
microphotometrie record of the entire Raman spectrum was taken. From this 
record, it was easy to find both the position of such lines and their quality in 
respect of width and diSuseness. 
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The following tablo gives the Raman frequencies of sucrose taken as a 
mean of nieasureivienls made with two iudepcndant plates. The figures in 
l)arenthcses indicate the relative visual estimates of the intensities. 


Table I 


Raman Frequencies of Sugar Raman F're(|uciides of Glucose 


Solution 

I 

Crystal 

11 

Kutzner (1932) 

111 

1 Wiciiiaiin (193^)) 

! IV 

1 

Author 

V 

377 * ( 3 ) 

- 

— 

— 


-) 64 ''( 3 ) 

433 

4 M 

435 ± 25 

423^3) 

54 g''( 4 il)r 

549 

513 

5 i 9 :f 11 

549(3) 

599 '‘( 4 )br 

— 

— 

— 

- 

649 


640 

— 

— 

634(1) 

753 * 


723 

— 

— 

— 

^^ 5 ^( 5 ) 


S46 

— 

853 ±10 

856 

— 


— 


911 + 1^ 

91Q 

943(3) 


— 

— 

— 


— 


(J 92 

— 

— 

— 

— 


— 

— 

1020 + 10 

— 

iaH8(io)br 

108S 

— 

1067 + 12 

iL 6^ (7)1)1- 

I I 35 (10) bi 

1135 

1143 

ii.i 5 + 9 

ii 59 (To)br 

1272 


— 


1 200 

1262+8 

1270 

— 


1300 

— 

— 

““ 

1333* 

1370** 

i408»* 

Brood 
, diffuse 
band. 


— 

1373 ±19 

1370 

i 472 ( 7 )sh 

1463 


14(14+7 

1463 

2865 (7) br 

■ — 

-- 

— 

3804 (5>bl 

3398 1 




1 


3457 \ 


— 

— 

““ 

3260 

1 

3^81 J 



[ 

i 

1 
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For purposes of comparison, tho Raman spectrum of Glucose was also 
investigated. The Glucose employed was Merck’s which was further jartified 
by the method adopted for solutions of sucrose. The lines obtained with Glucose 
were, however, much more feeble than those for sucrose as is evident from 
Figure 4- Table I, column V, gives the freiiucncics of Glucose compared with 
those reported previously by other investigators. 

C R Y S 'I' A L b I N E S U C R 0 S le 

vSugar was investigated in the solid state also. The crystal pov^’der was 
contained in a triangirlar cell, similar to the one used by Krishnamurty Ow'ing 
to the inherent difficidty in the technique involved, none of the liquid filter*' 
which arc generally employed could be used and the filter made use of was 
the Zeiss C glass expected to transmit only the 435S-linc of the mercury arc, 
so that the excited Raman lines originate out of this line only. A copper 
trough of small thickness was devised for placing between the mercury arc and 
the cell containing sugar crystals. Cooling water was kept in con.stant circu- 
lation in the trough to prevent heating and the consequent charring of the 
crystals. A fairly good spectrum could be obtained with 20 hours’ exposure 
but the Raman lines were masked by the overlapping continuous spectrum and 
they were so faint as to be barely discernablc on the enlarged print which is 
therefore not reproduced in the plate. Table I, column II gives the frequencies 
obtained for sugar in the solid state. 

I) I S C Ti vS S 1 0 N 

A reference to Table I would show that many new frequencies (noted with 
asterisk) have been observed in the present investigation and many points of 
detail, missed by previous workers, have also been recorded. 

The Raman lines in solutions of sucrose may be classified as arising from the 
C-C, the C-O, the C-H and the 8 (C— H) frequencies. Those in the region 
Soo — 950, I.C., 943, 856, 753 (?), may be taken as aliphatic C - C frequencies 
corresponding to similar lines obtained with all aiiphatics containing at least 
two carbon atoms. The C — O frequencies come in the region 1000— 1150. In 
sugar the corresponding frequencies for this baud are 1088, 1135. The broad and 
strong line at 2865 is the valence C-H frequency and the line 1472 is the 
8(C— H) frequency. The lines 1333, 1370, seem to be the (C—H) deformation 
frequencies. But as pointed out by Koteswaram ** the presence of a strong line 
at 1392 for formic acid makes this assignment uncertain. The band 3298 — 3681 
with its intensity maximum at 3457 is w'ell known to be due to water, 

A comparison of the frequencies obtained for sugar with those for glycerine 
shows the close resemblance between the two and some of the other frequencies 
observed in sugar agree well with frequencies found in alcohols. 
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The followhig Rainati frequencies of sugar bear close resemblance to those 
of glycerine 

464, 549, 649, 856, 943, 1472 

and those below compare well with the frequencies found in alcohols 


1088, 1135, 1333. 


The frequency 1134 is found in the Raman spectrum of butyl and isobutyl 
alcohols. 

Resides these^ the low frequencies recorded occur in many of the 
aliphatic compounds and are usually attributed to the external frequencies 
between the dihereiit groups in these molecules. 

Polara (loc, ril.) reported a line at 1683, wliich is attributed to the C — O 
oscillation, but the author could find no trace of any line in this region with 
cither sucrose or glucose. This is to be expected as there is no C = () in either 
of the molecules as will be evident from the structural formulae of these com- 
pounds given below ; 


O 


r/ 


OH 


I 

H.C.U.H 

I 

OH.CH 

I 

H.C.O.H 

I 

CH 


CH,OH 

Glucose 


O 


-cn o- 


H.c.o.n 

I 

OUCH 

I 

H.C.OH 

I 

CH 

I 

CH3OH 


CHaOH 

I 

-C 


H.C.OH 

I 

OH.CH 

I 

CH 

I 

CH,OH 


Sucrose 


O 


Most of the frequencies obtained by Polara between 2016 and 2718 were not 
noticed by tlie author and are highly improbable. 

In conclusion, the author desires to express his grateful thanks to Dr. I. 
Ramakrishna Rao for his helpful guidance throughout the progress of this 
investigation. 
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ON THE DIELECTRIC CONSTANT OF AN ELECTRONIC 
MEDIUM AT MEDIUM RADIO-FREQUENCY* 
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AND 

C. CHOUDHURY, M.Sc, 

Dacca University 
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ABSTRACT. I lie results uf an investigation on the variation of the dieleelrie eonstnni of 
an eleetronic niediiini in the anode -screen-gi id space of a Philips A vaU e under various 
conditions for inediuni radio-frequencu's are given in this paper. 'I'he iiieasureinents of 
the effective dielectric constant were made by following the no-bcat tc'chniqiie of a double 
heterodyne method I'he effect of the coiiductivity of the medium was allowed for in 
estimating the effective dielectric constant of such a medium. 

The expcritneulal resnlt.s were found consistent with Ivorent/’s formula for tlic <lielectri(‘ 
constant of a friclioiiless electronic medium after introducing a multiplying factor If) obtain 
the effect of the time of stay of the (dectrons in the inter-electrode space. The iniiltiplying 
factor was found independent of the wavelength of the measuring field and was found to 
depend only on the transit time. 

The parabolic variation in the value of the dielectric constant of the electronic medium 
with the variation in the magnilude of the measuring fie ld as reported by Prasad and Verma 
was not, however, observed in the experiments performed to test any such varialion. In 
some cases a stca<ly varintioii w^as found and this has been explained, 

intro 1) TT C T ] O N 

Usually the electronic medium under investigation is a high-vacuum space 
in a thermionic valve filled with electrons from a heated filament under the 
influeiiec of an electric field. Since the lime of stay of the electrons in the inter- 
electrodt space is only a small fraction of the period which corresiionds to the 
radio-frequency of the alternating lield, the contribution of the electrons towards 
the change of the dielectric constant should therefore be correspondingly small, 
Benner^ considered this effect of the finite time of transit of the electrons and 
deduced a correction factor to the well-known Kccles-Uarmor expression for 
the dielectric constant of a purely electronic medium. Recently Holhnann -and 
Thoma^ criticised Benner’s equations. From their theory of the inversion of 
electrons and using Maxwells equations they deduced a formula for dielectric 
constant of electronic medium, which was different from Benner’s. Their 
jnaiu result abgut the dielectric constant was that as the product of frequency and 

* Communicated by tlie Indian Physical vSociety 
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increases from zero, the dielectric constant followed a damped 
(yclic curve ahoni unity, Tlie dielectric constant of an electronic medium could 
therefore be less than, equal to, or ^^reater than unity, the value depending on 
Ihe product of the frequency and the transit-time. 

Coining to the exi^eriiuenlal determinations of the dielectric constant of 
space coiuaining electrons, the results of Berginaiin and Diiring® wlio were the 
earliest workers on the subject slnnva.'d that the dielectric constant of the electro- 
nic medium in their iiivestigatirju was less than unity and steadily diminished 
with incrc^asing electron concentration. Following Bergmann and Diiriiig’s 
experiments Sir' observed a decrease, an increase and also no change of dielectric 
constant at ultra-high fre(|uency. These cxperinieiital results w^ere explained 
as due to the noii-uniforin distribution of the electrons in the medium and also 
due to the eflect ol the time of stay of the electrons as determined from Benner’s 
fornuiki. Some exi)eriincnts' ^ on the subject with ultra-high-frequency 
measuring lield w'ere also i)erformed in this laboratory. The following were 
established : 

(i) With a definitc‘ ultra-high frequency, the effeclivc dielectric constant 
of the electronic medium in a screen-grid valve was found less than unity and 
decreased on the wlicdc nearly i^roportionately with the increase of the anode 
current. 

{ 2 } When the w^eveiength was changed keeping the anode and screen-grid 
voltages and the filament current constant, the elTective dielectric constant of the 
medium decreased steadily witli the increase of the wavelength. There was, 
however, an anomaly beyond a certain wavelength when a gradual increase 
in the value of the dielectric constant was observed. As the wavelength was 
further increased, the dielectric constant assumed values gieater than unity 
and after attaining a maximum value at a particular w^aveleugth decreased again 
witli lurther increase of wavelength. It w^as also observed tliat the wavelength 
at winch the dielectric constant of the electronic medium attained a maximum 
value was distinctly larger for the smaller election concentration. 

These results were cx])laincd by sut>posing that the induclaiice of the short 
external connection and the inlcr-electrode capacity of the valve constituted an 
oscillatory circuit so that the anomaly appeared in the region of the resonance 
freciuency of such an oscillatory circuit. Ihe condition for this resonance 
according to Iluiid^ is the same as that for the plasma electronic resonance of 
Tonks and Langmuir. 'I'liis explaiifed also the observed shift of the peak 
value (►f the dielectric constant towards the ionger wavelength when electron 
concentration was reduced. It is, however, significant that neither Benner’s nor 
Hollinaiui and Thoma’s formula was found to agree with these experimental 
results. Attributing, however, a natural frecpieiicy to the electrons corresponding 
to the resononce of the previously mentioned oscillatory circuit in the valve and 
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introducing a multiplying factor to obtain the effect of the time stay of the 
electrons in the inter-electrode space of the valve, the Lorciitz exi)ression for the 
dielectric constant for a frictionlcss medium was found consistent \vitli these ultra- 
high frequency lueasurcinents. 


SCOPK OF True PRBvSKNT 1 N V Iv S T I A T T O N 

The object of the present investigation was to extend the mcasurenients 
of dielectric constant of electronic medium to much lou er frequencies. Prasad 
and Venna^ had previously j)ublished some ex])erimcntal results with medium 
radio-freciuencies between 3.7 x to® and .58 x lo® cycles per sec. (wavelength 51 m. 
to 51:3 111.). Following the double-beat method they found the dielectric constant 
of an electronic medium inside a screen-grid valve alv^'ays less than unity 
within tlie range of the concentrations and the wavelengths employed in their 
investigations. They showed that (1) the dielectric constant decreased with 
increasing conccntralion and that (2) it also decreased with increasing wave- 
lengths. Their measurements of dielectric constant and the theoretical deductions 
from these measurements wx*re, howcvei , vitiated by the fact that in determining 
the dicleelrie constant of the electronic medium the ellcct ol the conductivity 
of the medium was not considered at all. 

The usual experimental procedure is to measure the capacity belw'ccn the 
IwgJ electrodes inside a valve with and without electrons filling the intcr-electiode 
space. When the space is filled with electrons there are generally two effects : 
(t) a change in the dielectric constant of the medium and (2) a conductivity 
effect. For both of these effects it is expected to obtain a change in the capacity 
of the oscillating system in the measurement circuit. H the dielectric constant 
is less than unity, the change in the capacity is a decrease, whereas the eftect 
of the conductivity due to the eleclrosn, shorlxrircuiling, so to say, tlietwo 
electrodes in their transit from the filament to the anode of the cxpei imeiital 
valve is always an increase in the effective capacity iiei'essary to 1 esloie lln- 
resonance condition of the oscillating system. This latter eiiect is s(jmetincs 
appreciable and can be directly tested by imtting a high lesistance acioss llie 
two electrodes. Accurate measurements of the cflectivc dielectric constant of llie 
electronic medium for medium radio-frequencies wxre therforc felt nccessaiy by 
considering the effect of the conductivity of the medium and investigations 
were accordingly undertaken. The experiments were aiiaiiged in Ihiee main 
parts ; 

I, Variation of the effective dielectric constant of the elect! onic mediumin 

the inter-eleclirode space of a scrccn^grid valve with the thermionic (mrrenl 
tlirough the valve for a definite frequency of the alkniating field. 
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II. Variatioxj of the effectivu dielectric constant of tlic similar electronic 
medium with the frequency of the alternating field for a definite electron 
concentration. 

ITL Dependence of the effective dielectric constant of the electronic inediuni 
inside a screen-grid valve on the lime of stay of electrons in the inter-electrode 
si>acc. 

h: X P JC R 1 M K N 'J' A Tv AURA N O E M U N T S AND P R O C K D IT R E 

The experimental condenser consisted of the screen-grid and the anode of a 
Philii>s A 4^2 valve. This condenser of capacity Cv was in parallel w’ith the 
tuning condenser of cai)acity C of the oscillatory circuit of a suitable Hartley 
oscillator. The change in the capacity of Cv wlien the inter electrode space 
was filled with electrons was balanced by changing the capacity of an accurately 
calibrated small variable vernier air condenser Ca in parallel with Cv and C, 
so that the total capacity (Cv I- CM Ca) remained constant. The high-frc(jneiicy 
signal from the oscillator w’as received by an oscillator-detector valve-circnil 
which was exactly similar to the oscillator circuit. When the detector circuit 
was nearly in tunc with the oscillator, the familiar heterodyne whistle w’as heard 
in tlie teloidiones ])ia(‘ed in the anode circuit of the receiver. The audio-frequency 
voltage developed across the tcleidione was then amplified by a thrcc-valvA^ 
amplifier of the conventional type and fed into a loudspeaker wdiich gave a 
loud musical note. Ou introducing into the same loudspeaker an audio-frequency 
current from an audio-oscillator capable of ])roducing an intense note of fixed 
frc(|uency, beats were heard by suitably adjusting the heterodyne frequency. 
A variable resisteiice Avas placed in series wdth the secondary coil of the audio- 
oscillator to match the intensity of the heterodyne whistle wdlh that of the audio- 
frequency note. Adjustments of the variable vernier condenser Ca in the 
oscillator to i)iodiKc no Ixeats were then made successively /ui 7 wdien the inter- 
olcctrode space was devoid of electrons and nexf wdien the same space 
was filled with electrons. In other words, the change in the capacity of Ca was 
noted with the filament of the experimental valve off and on after having given 
suitable high \uilages to the anode and the screen-grid. To this wlis added a 
correction lo allow for the effect of the conductivity of the medium. From a 
knowledge of this corrected change of capacity and the inter-electrode capacity 
of the valve, Ine effective dielectric constant of the medium was calculated. 
The procedure adoi)tcd to obtain llie coiuUiclivity correction will be described 
in a subsequent section. 

The diagram of the entire arrangement is shown in fig. i. The anode of 
the experimental valve w as given a suitable high voltage from a separate dry 
battery ; the screen-grid was also given piaciically the same voltage from the same 
battery through the inductance coil of the Hartley oscillator. The filament of 
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tlie exi)eriuiciital valve was fed by a low tension battery and the filament enrrent 
vvavS wSuitably controlled by a rlieostat. The variation of the llicnnionic current 
through the valve was made by varying the filament current only, the anode and 
the screen-grid voltages having been kept fixed. The constancy of these voltages 
ensured the constancy of the time of stay of the electrons in the inter-electrode 
space, so that the variation of the dielectric constant of the electronic medium 
with varying therniioiiic currents (keejiing the frequency constant) and the 
similar variation (for a constant thermionic current j with vaiying frequencies 
of the measuring field were studied for a definite value of the tiansit-time of the 
electrons. 


CORRECTION 1' O R T II K C O N I) U C T 1 V 1 T Y 0 1' THE 
ELECTRONIC MEDIUM 

In correcting for the conductivity effect the following procedure was 
adopted. 

Let us first consider the set of experiments where the change in the anode — 
screen-grid capacity of the experimental valve was observed for each different 
thermionic current through the valve for a definite frequency of tlie measuring 
field. Immediately after this set of experiments, the H. F. series-resistance of 
the electronic medium was measured by the distuning method for each different 
thermionic current through the valve, the anode and the screen-grid voltages 
remaining exactly the same as in the preceding experiment. For these 
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ineasurciiieiits the vah'c of the Hartley OvScillatoi* was jiot worked and only the 
tuning condenser C of the oscillatory circuit (or the small varialde balancing 
condenser C^ wdiichevei was suitable) and the anode — screen-grid capacity Cv 
each in parallel with the inductance were used with a radio-frequency tlierinal 
galvanometer in the circuit as shown in fig. 2. The detector- oscillator unit was 
used as a mere oscillator to induce currents into the neighbouring oscillatory 
circuit. A pair of resonance curves were constructed showing current against 
the capacity- value, first wliere tlie filament was ofl* and next when the filament 
was on. Pairs of such resonance curves for different thermionic currents through 
the exi>crimental valve were constructed. From each pair of such resonance 
curves, the H. F. SCI ies-resistaiicc r oi the electronic medium was delcnniiied 
by the usual foj inula, 'J'he coi responding shunt resistance R was then calciilatod 
for each different Iheniiionic current through the valve by the standard formula 


• 

where w is the angular frequency of the field and C the capacity in farads, across 
which the shunt resistance R is supposed to work. A graph was then plotted 
showing I /R against the thermionic current. Next in a separate experiment the 
anode and the screen-grid electrodes of the experimental valve were shunted by dif- 
ferent non-induclive metal film high resi.stauces (of negligible self-capacity) and the 
corresponding increase in tlie effective capacity of the oscillating system (with no 
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electrons inside the iuter-eleotrode capacity) due to leakage for each diflereiit shunt 
resistance to restore resonance condition of system was accurately measured by 
following again the no-beat technique of the double-heterodyne method already 
described iii the previous section. Anothei graph was then constructed from the 
observed data showing the increase in the capacity against the reciprocal of the 
actual shunt-resistance employed. With the help of these two graphs it was 
possible to obtain the increase in the value of the efleclive capacity of the 
oscillating system due to the conductivity of the medium in the iiiter clectrodc 
capacity. To take an example, let us find the conductivity correction fora 
definite thermionic current. From the t/R — current grapli it is possible to obtain 
the value of i/R wliich corresponds to the desired value of the current. The other 
grapli (showing the increase in the capacity of the oscillating systcni for each 
actual resi.stance shunted across the iiitei -electrode capacity) enables us to obtain 
the incicase in the capacity conesponding to this value of i/R which, as we have 
already seen from the previous graidi, corresponds to the deshed value of tlic 
thermionic current. 

The conductivity correction (AC)rr, obtained in this way, was then added 
to the obseivcd decrease of the anode = screen-grid capacity AC for the respective 
value of llie thcniiionic current through the valve. The change in the capacity 
due to the dielectric constant change for this value of the current was llicn 
given ])V 

(AC)6 = AC+(AC)a. 

The dielectric constant was thus calculated from 





In the set of experiments where the frequency of the measuring field was 
varied by keeping tlie tliermionic current constant and the change in the anode — 
screen-grid capacity observed with the filament of the valve off and on, the 
procedure for the conductivity -correction was as follow^s. Working with the 
circuit diagram shown in fig. 2, paiis of resonance curves were constructed 
with the same constant thermionic current 011 and of! for various wavelengths 
within the range of our observations. From each pair of such resonance curves 
the H. F. resistance r of the medium (with a definite electron concentration) 
was detcrniined. Thus the corresponding equivalent shunt resistance R as 
calculated from the series-resistance w'as obtained for each w^aveJenglb A. A 
graph was then plotted showing i/R against A. Next, the anode- screen-grid 
electrodes were shunted as described before by different non-inductive hgih 
resistances of negligible self-capacity and the incicase in the effective capacity of 
the oscillating system to restore resonance was delcimined for each such shunt 
resistance for the lequired range of wavelengths by following the no-beat 
.technique of - the double-heterodyne method in the way described before. 
Different graphs were thus obtained showing the increase of effective capacity 
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against tlic leciproc^al of the actual shunt resistance for different wavelengths. 
The conductivity corrections (AC)ff corresjmnding to the various equivalent shunt 
resistances for respective wavelengths (as known from the previous i/R-A graph) 
Mere then clelenuined from these grajjhs. Kach of these corrections was then 
added to the ohseived value of AC. The dielectric constant of the medium for 
each diffeieiil wavelength was thus calculated from the ratio of this total change 
of capacity lo the electron-free inter-electrode capacity 

K X I' K R I M !•: N T A L k IC S V L T S 

Variation of the effective dielectric constant of the electronic medium 
for different thermionic currents for a fixed frequency 
of the mcasuiing field : 

111 tah’c I are iven the lesiilts of a typical si^t of measurements of the 
dielectiic constant for varying thermionic currents emi)loyiTig a measuring field 
of >301.). q kc. frequency (A“75o in.) These are gra[)hicaily show'll in fig. 3 
'I'vvo othei lyiiical sets of similar measurements for frequencies, 608.5 kc. and 
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8n kc. (A = 4Q3 m. and A = 370 in.), are illustrated in fig. 4. In both the figures 
the values of dielectric constant « of the electronic medium are plotted against 
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various values of the anode current. In fig. are also sliowii the values of 
8 (=i -e) and of — against the different values of the anode cm rent for 



7 


Figure 4 
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A - 750 in. (frcfj : 3gQ.g kc.) of the measuring field Ca" being the Lorentz term). 
The calibration graphs from which the conductivity corrections weie made for 
this set are shown in fig. 3(a). 

It can Ix^ seen from fig. 3 that for A — 750 metres, a linear relation holds 
lietvveen the dielectric constant of the electronic medium and the thermionic 
current, except for very small values of the latter. Tlie linear relation also 
seems to hold for the other two wavelengths except for a sudden discontinuity 
in each case at a certain value of the thermionic current. The discontiiuiity 
in each diagram of fig. 4 is indicated by an arrow mark. 

1 ) n V (' T T 0 N S FRO M ' 1 * III*: A U n V F T-: X V F R T M F. N T S 

Accepting Loren tz's expression for the dielectric constant of a friction less 
electronic medium and introducing a multijdying factor to obtain the effect 
of the finite time of stay of the electrons in the iiiter-electrodc space, we liave 


w^hcre « = dielectric constant, 

/x — a multiply iiig factor, 

t* — absorption index, 

>/ = refractive index, 

(0 “angular frequency of the mcasiiritig field, 

r — velocity of light, 

N — elctroii concentration, 

ii ~ l.nj eiilz ti rm, 

= charge on an electron, 

i;/ — mass of an cIlcIioii. 


Putting 1 we obtain 


^ _47rr^J^N/i) . . 

“'o' \ / 

1 — £IO 

When a — o S=:4!l£lo\». 

«IU> 

If the anode and the screen-grid voltages are kept lixed throughout a set of 
measurenients it is evident that the velocity of the electrons would remain 
constant so that the electron concentration could be normally taken as pro- 
portional to the thermionic cnrrenf through the anode = screen-grid space. 
Again, since the time of stay of the electrons in the inter-clectrode space and 
the frecjneucy are usually kept fixed in one set of observations, the multiplying 
factor could lie regarded as constant so that for the lyorentz formula to hold, 

i should vary directly as the thermionic current. In fig. 3, both S and — - 
i-aS i-ab 
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are plotted against the tlierniionic current for one set of observations (freq. 390.0 
kc./sec., A =750 111.). The variation of e is also shown in the same diagram. 
It will lx; .seen from fig. 3 that 8 or e was found to vary proportionately with 
the theriniouic current except when the latter was very small. 'I'he law of direct 

])roi)oriioiialilv, however, fails when the values of - are plotted for the 

1 

different values of the thennionic current. I'lic conclusion that can l)e drawn 
under the circuuislaiices is that either the Lorciitz leriii a — o or alternatively 
for some unknown reason the electron density increased with the increase of 
the thermionic current at a rate more than the proportionate rate of inci ease 
The latter could perhaps be expected if the secondary electrons were emitted at 
the anode and the screen-grid surfaces. 


Variation of the effective dielectric constant of the electronic nicdhim 
ixnlh the wavelength {or frequency) of the measuring field fora 
definite electron concentration of the medium 

The experinicutai data for the evaluation of the dielectric constant of the 
electronic medium are collected in table II* The observed shift AC, the con 
ductivity correction and the corrected shift (AC)^^ due to the dielectric 

constant change alone are all entered in separate columns. 


Taki.k II 


Thermionic current — i .5 m.a. x k. Intcr-electrodc capacity -“8 /a/a/. 


WavcU'iigili 


AC 

Conductivity 

Correction 

(AC) 

e 


5 

J >^£15 

(IMftrcs) 

Sq.iui. 

Mju/ 

(AC|^ fifif 

G 


3 

350 

1 .225 ^ n»‘’ 

-35 


•'■5 

.i)2 

.08 

.082 

4011 

1.60U ,, 

.40 

50 

.f)0 

A) 

.11 

.114 


2.02s >. 

■55 

-65 

i.20 

.85 

•15 

.Ih 

500 

2.05 


.78 

1-43 

.82 

.18 

W 

550 

3-e25 

! .80 

j 


1.63 

.80 

.203 

.22 

600 

00 

b^ 

0 

; 1.2 

■8.3 

2.03 

•75 

•253 

.28 

1 

650 

4-225 

1 1.6 

1 

.78 

a -38 

.70 

•30 

j -33 

700 

4-9 »• 

1 

2.1 

.6 

2.70 

.66 

.34 

.38 

750 

* 5-6g „ 

2.75 

1 

•34 

3-09 

.61 

‘39 

-45 
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I — IN igk ct^ 


FuiUKIi .s 

The rcsiills arc ^laiiliically sliowii in fiy. 5. In llic iliagrani the values of 
t., 'i and aic i)lulted ayaiiisl the squares of wavelengths employed, ll is 

interesting to liud that all the curves are practically straight liiie.s. 


J ) tt n IT C T I O N S P R ( 1 IM T p I? A lU » V R R X k li R 1 M E N T A I, 

RR.StTRTS 

(he multiplying factor n introduced in the Loreuty, expression for the dielec- 
tric constant of a frictiouless electronic mcdiuin can be expressed in the form 

■ lit). ... (3) 

where / i.s the transit-time of the electrons, A the wavelength of the measuring field 
and A a constant. From the expression given in (2) we therefore get 


I —af> 


AV^N 

■anu'^ 



. Hi). 
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( )u neglecting I^orentz term we have 


A“f-N 

nnic^ 



. /(/). 


In the cxperinicuts the results of which are recorded in the last section, 
/ — const, and N — const. We liavc also seen from fij;. 5 tlial both S or and - - 

1 “ 


when plotted against A‘ gave stiaight lines, so that il can be said that - = const- 

A 

In other words it can be concltided that the constant A in the niuUii)lying faettu 
is lu'opuitional to the wavelength A. 


I> !•: I* E N I) KN C le Ol' THE I) I EL Iv C T I< t (' CONSTANT 
(IT" THE E L I'; t' T K O N I C M It T) I E AI ON THE '1' K A N S 1 
T 1 M Iv ( ) 1' T H E E Lite T RUNS 


Keeping tlie thennionic current through the inter-electrode capacity fixed 
at a certain value and woikitig w ith a fixed fretiuency of the measuring field, the 
efiect of varying the time of slay of the electrons on the dielectric constant of the 
electronic medium was studied. 'I'he time of stay was varied by varying the 
anode or the .screen-grid voltage, but the thermionic current through the anode = 
screen-grid .space was kept constant by adjinsting the filament current. I he 
higher the voltage V, the smaller is the transit-time I of the electrons. In fact, 

we can write t cv~ , so that when N = coiist., <'* = const., it can be seen that 

Vv 


I — aS 


^ CV /(/) (V / 


V V 


since 


^ = const, or approximately AC cv) ~ ^ I, 
A \Vv / 


where AC is the observed change of inter-electrode capacity w'hen the inter- 
electrode space is filled with electrons. In fig. 6 arc shown two curves for 
two different frequencies of the measuring field. The values of AC are 

plotted against in this figure. 

Vv 


It is evident that AC increased steadily with the diminution' of the voltage, 
i-e., with the increase of the transit-time /. 
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% 

I 

% ■ H 

t. 


X = 682 M 


39a»i 


10 i u 13 •« is 

FuUiRK 6 ' 

1) i<: r n N I) i; N (' K ( ) F T II f: d i f; iv f; c t k i c cons t a n t < • f t ii f 

n F E C T R O N I C Al K I) I V M () N T H Iv AI A ('. N ITll I) 1 ? 

() I' T H K AIJvASIiRINO I'II{FI> 

I’l a.SLul aiul Vcniia" reported a ])arabolic varialicni ni llic value of the ilielee- 
tric constant of the inedinui with the variation of the niagnitmle of the nieasuring 
Field. With ultra-high frequencies the results of some experiments in this labora- 
tory definitely showed that the dielectric constant was independent of the 
magnitude. It has, however, been recently shown" that since in Prasad and 
Verma’s experiments, the adjustment of the balancing condenser (to make up 
for the change of the inter-electrode capacity) was made till a fixed number of 
beats weie heard per second, the distortion in the receiving set arising out of the 
non-linear performance of the detector unit was likely to give riseTosuchan 
apparent dependence. To test such deiicndence, if there is really any, the 
adjustment of the balancing condenser should be made for no- beat. When there 
is no beat, the complication arising^ from non-linear distortion is eliminated. 
Some experiments were therefore performed to examine whether the variation 
of the magnitude of the measuring field would aflect the value of the dielectric 
constant by following the no-beat technique. The magnitude of the measuring 
field was varied in these experiments by varying the plate voltage of the valve- 
oscillator. To obtain an estimate of the voltage^ of the H. F. field across the 
inter-electrode capacity, the current in the balancing condenser branch was 
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measured. This current when multiplied hy the reactance of this branch would 
give the desired II. F. voltage. Since the capacity of the balancing condenser 
was changed only to a small extent, the voltage could be appi'oxiinately measured 
in terms of this current. The thermionic current through the anode = screen-grid 
space was kept fixed during the test. 




FiGtTRE & 





228 


S. R. Khastgir and C. Choudhary 


In lig. 7 arc shown the results of two sets of experiments for A,=6iu m. 

It can be seen that for small H. F. voltages of the measuring field, AC 
diminished with the increase of voltage but ultimately it steadied down to a 
constant value. Similar experiments were performed with higher frequencies. 
These results arc graphically shown in fig. 8. 

It is significant that for A = 187111. AC remained constant throughout the 
range of H. F. voltages of the measuring field. For A = 335 m. the diminution 
persisted even for the higher voltages. The experiments with wavelengths in 
the neighliourhood of 300 m. were iierfoimcd many times — but tlic results were 
all similar. 


'Pile amplitude of the electrons moving under the action of an alternating field 


is given 


by 


cF,„ 

III’ III 


where F,„ is the peak value of the applied field. 


.As I-'„, is 


increased, the amplitude is increased. For the smaller values of F,„ the electrons 
may not be able to reach the anode surface. So long the anode is not reached 
the conductivity of the space must be small, j.e., the eiinivaleiit shunt resistance 
across it rather higher. This resistance w'ould gradually fall with the increasing 
value of h',„. Ultimately when the anode is reached by the electrons, this resist- 
ance would fall to a constant value. In other words, the conductivity correction 
(AC)ir for the smaller voltages should be small ; it would gradually increase and 
attain a constant value for the higher voltages. vSince the observed AC is ecinal 
to (AC)t - (AC)<t, the observed diminution of AC and the nitimatc constancy of 
AC with the incrca.sing voltage of the measuring field could be explained. In 
the ca.se when the diminution of AC persisted with the increasing voltage it can 
perhaiis be said that the amplitude of the electrons did not extend sufficiently to 
reach the anode surface. 


S t! M M k V AND C ( ) N e' I, e/ R I O N S 

In this pajKT are recorded the results of an inv'estigation on the variation of the 
elTcctivc dielectric constant of an electronic medium in the anode = .screeii-gi id space 
of a Philips A44- valve under various conditions for medinm rodio-frequencies. 
The ineasurcments of the elleclive dielectric constant were made, by following 
the no-beat technique of a double Jicterodyne method. 'Phe corrections for the 
conductivity of the medium were made in estimating the dielectric constants. 
'Pile iirocedure for carrying out these conductivity corrections are fully described. 

The experimental results have liecn analysed following Lorentz’s formula 
for the dielectric constant of a frictionless electronic medium. A multiplying 
factor fi has been introduced in the expression to obtain the effect of the time of 
stay of the electrons in the inter-electrode space. The factor has been expressed 
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iu the form /r— f (/), where; A is a const., I the tiansit-linie ami A the wave- 
A 

length of the measurinj^ field. 

Working with a definite frequency and keeping the transit-time of the elec- 
trons fixed, the effective dielectric constant of the electronic inediuin was found 
on the whole to decrease almost pio[)(jrtionately with the increase of the thermio- 
nic current. This is wlial is expected from Loreiitz’s formula. 

When the frequency was changed, keeping the thermionic current and the 
transit liine fixed, the effective dielectric constant of the medium was found to 
decrease sliictly proportionately w ith the square of Uie wavelength of the measur- 
ing field. In order to fit in with the Torenty/s formula (after inlrodncing the 
factor m) it was concluded that the transit-lime factor must he iudependeut of 
the wavelength, 'fhe constant A should therefore vary directly as the w-ave- 
length. 

Keeping the thermionic current through the anode ==sceen-grid space cons- 
tant and working with a fixed frequency it was found that the observed change 
of capacity on filling the inter-electrode space with electrons increased steadily 
with the increase of the transit-time of the electrons. This meant that the effective 
dielectric constant of the electronic niediuiii in these experiments decreased steadi- 
ly with the increavSe of the transit-time. It is therefore concluded that the 
iiiultiplying factor // depends only on the transit-time. 

Physics Dki'T., 

D/vcca Univeksity. 
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DETERMINATION OF THE STRUCTURE OF META- 
DINITROBENZENE BY PATTERSON 
FOURIER SUMMATION 
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M. GANGULY. M.Sc. 

Bengal Govt. Reseaich Scholar, Dacca University 

{Kc echoed for [^iiNicalion^ May 30 1 nj^^o) 

ABSTRACT. stnu tnruof iiula-ilhjitroljciizciK* has been studied by the Vatterson 
Fourier Suiiimation Alelliod. Relative values of the integrated intensities of rcliectioiKs from the 
liko planes have been jiicasurcd from Weissenberg goniometer photographs by the help of a Zeiss 
niicrophutoineter. IW using ne edle shaped crystals niueli elongated along the e-axis, a single 
traversal of the sealining spc^l of light \^as found necessary and a roiisiderable economy of 
labour was thus effected. The absolute iutcnsiHes were olitained by comparison with refleo 
tions from rocksall .in a powder photograph of a mixture of known proportion of meiadinitro* 
beii/ene and ri^ck-salt. iTom the projeelioiis on the (001) plane of the dillerent interatomic 
vectors in the unit cell obtained by Patterson Analysis a preliminary detenniiiatiou of the 
atomic arrangements has been made. 

r N T R 0 D U C T I O N 

Mela-dinitrobciizene crystallises in the orthorhombic bipyramidal class. ^ The 
space-groni) has been delernnned iiidcpcndciilly by HeiTel and Schneider‘-^ and by 
Hendricks. They found tlial tliis crystal belongs to the space-group D.V/'Pbnm 
with a unit cell containing 4 molecules having dimensions r/0-13.3 X, ^,^-14.2 
Co= 3.82X. Thus it was concluded that the molecule had a plane of 
symmetry parallel to the 001 plane and as the dimension of the c axis is very 
short the plane of symmetry must be along the benzene ring. This is very un- 
usual for the benzene rings in aromatic compounds. Because none of the 
aromatic compounds that have been so far studied except this one show a plane 
of symmetry along the plane of the benzene ring. Further N — 0 bonds must 
either lie parallel to the benzene plane or lie symmetrically on the two sides of 
the N atom in a plane perpendicular to the molecular plane. The former alterna. 


* Colli niunieation by the Tndinn Physical 8 fK‘ietv. 
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tive is ruled out as it was shown by Hendricks "that it is impossible thereby 
to explain the intensities of the ool planes. As regards the N-(.) bonds in 
para-dinitrobcnzenc, there is however, a controversy^ as regards whether the 
bonds are symmetrical about N, i)ut here the two bonds come out to be symmetri- 
cal as a consequence of the si)ace‘groiip. Tl'hus it is very useful to see whether 
these bonds are similar or not to the N-O bonds in the para-compound. In order 
to decide this i)()int as well as to determine the structure of a benzene ring having 
a plane of symmetry along the plane of the ring, a complete analysis of the 
structure of this compound has been taken up. A projection on the ooi face 
should show all the different atoms separated out except that the two oxygen 
atoms attached to a single nitrogen atom will be superposed on each other. So 
this projection will give ns practically the complete striictiire. 

An attempt at determining the a and y co-ordinates of the atoms by a trial 
and error method proved unsuccessful due to the number of unknown parameters 
as well as the uncertainties about the atomic structure factors of oxygen and 
nitrogen. So a Patterson analysis of this projection has been presented in this 
paper. 


U X P R R T M n N T A R 

• 

Mcla-dinilrolteir/ene was crystallised from absolute alcohol. Long, very 
narrow needle-shaped crystals were obtained, c-axes of which are parallel to the 
lengths of the crystals. This shape has an advantage in measuring the intensities, 
as we may consider the intensity of a diffraction spot to be uniform bver its 
length. Such a crystal was mounted on the Weissenberg goniometer with the 
c-axis along the axis of rotation and at the initial position the x-ray beam was 
made parallel to the a-axis. These adjustments were made with the help of a 
Czapski two-circle goniometer. Copper Ka radiation was used. The spots were 
indexed by the help of charts prepared according to Wooster and Wooster’s 
method. Intensities of the spots were measured willi the help of a Zeiss inicro- 
pholoincter, by allowing the scanning light to traverse across the centre of the 
spots. The pliotomeler records were converted to intensities by the help of a 
standard wedge obtained in the manner of Robinson.'’ Intensity curves were 
thus obtained from the photometer curves by point to point plotting and the 
relative values of integrated intensity were determined by finding the areas under 
the intensity curves. * 

Por measurements of the absolute intensities a powder photograph was taken 
with a stick prepared with known proportions of meta-dinitrobenzenc and rock- 
salt. The lines (i;to) and (310) due to the former could be identified uniquely 
and were well sei»arated from tlie nearest lines. The integrated intensities of 
these lines were compared with the (200) and (220) lines of rock-salt. Prom the 
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ktiown structure factors of rock-salt the structure factors for -these two reflections 
could be calculated according to the relation 

I ^ W F J_+COS^2^m 

1 \ sin 2(9,. . sinO, 

v\here is the ratio of the integrated interrsities of the ineta-diiiitroben/cnc line 

and rock-salt line measured from the powder photograph, a, b/c are the cell 
dimensions of ineta-dinitrobenzcne and ao is the length of the unit cell of rock-salt. 

”1"' is the ratio of the masses of the two substances taken in the povj^er stick. 

/>=number of equivalent planes. 

F = structure factor. 

P= density. 

glancing angle and the subscripts »i and j refer to metadinitrobenzene 
and rock-salt respectively. 

The values of the structure factors of (130} and (310) planes thus obtained 
were utilised in determining the absolute values of the structure factors of all 
other planes from the relative measureiiieuls. The values of the .structure factors 
obtained thus are given in Table I. 



Tablb 1 


Plane 

Stnioture 

factor 

Plane 

Structure 

factor 

040 

46 3 

0 

2g.o 

060 

56.7 

400 

37-^2 

080 

37 0 

420 

44'2 

0(T2 )o 

27.7 

430 

22.1 

120 

43-5 

450 

30-3 

130 

677 

5K) 

34-9 

140 

56.0 

52ft 

58.3 

160 

33.8 

530 

27.6 

210 

42.0 

540 

25.0 

220 

35-0 

560 

34-3 

230 

45.7 

570 

33*9 

240 

26.8 

580 

29.2 

250 

40.1 

600 

70.4 

270 

27-5 

620 

29.2 

310 

72.9 

710 

60.2 

330 

44-3 

720 

307 

340 

25-9 

800 

197 

3 S 0 

26 7 

(lo)oo 

26.2 

360 

69. T 

1 

— 

— 


For the Patterson summation a quarter of the cell is taken so that aji 
and 6/2 are the sides. The whole cell can be obtained from this by the appli- 
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h^f [ hx , hy 

S S F&ko).c=’^'l « ^ 

a \ 

where A (a, y) is the Patterson sum at the point a, 3/. By plotting these Patterson 
sums lines are drawn through points of equal density and are shown in Figure i. 
The peaks of the diagram are then correlated with the diflerent interatomic 
vectors and the magnitudes of these vectors with their inclinations with the x-axis 
obtained in this way arc given in Table II, the symbols for the different atoms 
used in this table will be understood from a reference to Figux'e 2 v\here is 
given the arrangement of the meta-dinilrobenzene molecule in the unit cell as 
can explain these interatomic vectors : 


Table II 

I ntcratomii Distance ]U‘clors 

[Kach of Oi and O.j represents the projections of two oxygen atoms] 



Atomic pf\ir 

Interatomic 

distance 

Angle with 
'a' axis 


C, 

2.2A 

79 " 


^ 3 1' t ) .1 , 1 C- ;j fc 0 .J b 

2.2S 

95" 


C.,N,. : C',.N,,- 

4 - 3 ^ 

90 " 


Co..N,„ ; 

4.3^ 

30“ 


C 4 « «* J C. , rf 0 j 

4.8S 

84* 


C rt (, 0 . b ; C „ , 0 

4.8A 

24 " 

C 1 «C 1 1 , ; 

C oC(i 1, *, C 3 rtC 5 6 ; C * «C 4 j, *1 




C 5 „C;, b y 

C(, nC.jt b j N , „Na fc ; C| rC, ; 

■ 

7 .sA 

70" 

t- J 0 C u cf ! 

^ 3 <- fl w j C 4 C , ; C 5 , C 3 ; 





t rf » N ) ' N a ,f 




C,,.C*,; 

C.„C,, ; C,,.C,. : C.,.C... ; 





C 1 i,C 4 rf ; C j lCh .( J „ „C 5 „ ; 


7 ..sA 

27 * 

C - fcCo j 

C 5 ()Ca,(J CyfcCorf 





0 ( i< f 0 1 h 0 4 rf 

4 - 3 ^ 

23" 


N J bCg rf » 0 |nC|H, 5 CifcCij,/ 

5.6X 

17 " 

C*X., ; 

0 4 b 0 4 ' N *j tt N 3 c 1 N n (, N g n 

89A 


N,oC,-; 

N.X«,; N,X,.; N,X»„ 

S' 4 A 

2'' 


1 <1^(1 h 3 TN 2 (* 

6.3A 

48" 


■ 

NinOjIi f N^jCflc 

4 oA 

66" 


C 2 • 0 1 j ; 0 1 a {, 

4 .S« 

75 “ 

& 
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The atoniic parameters arc deduced as an approximation from tins structure 
and are given in Table III. 

Tabi.e hi 


Atom 

Atomic paramefers 

x^a 

y/b 



— 

c. 

0 146 

0.224 

c, 

0*237 

0174 

c., 

0,237 

0.076 

C, 

0,146 

0.0264 

C, 

0.055 

0 076 

C„ 

0055 

0.174 

N. 

0.146 

0.329 

N., 

0-303 

0.023 

0. 

0 172 

0.372 

0, 

0.386 

0033 


Fourier projections on the three crystallographic planes are being attempted 
on the basis of this result. 

Our thanks are due to Prof. S. N. Bose for providing facilities for the work 
and one of the authors is grateful to the Education Department of the Government 
of Bengal, for providing him with a scholarship that has enabled him to carry 
out this work. 
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A NOTE ON THE REFRACTIVE INDEX OF SHELLAC * 
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T N T R O D V C 'r I O N 

ABSTRACT. Refractive indice.'i of various samples of .shellac, lac constituents, and a fev\’ 
oilier natural and synthetic resins have been dctcrniincd usinj; the ordinary typo of Abbe 
Rcfractomeler by a simple techniciue at different leinperatures between ao‘C and (jo°C. p'rotn 
the curves representing the variation of refractive indices of these with temperature, their 
soffening ranges have been found and hnpUcalions disiussed. The temperature coeflicients 
have also been calculated for the different linear portions. It has been suggested in the paper 
that the determitiation of refractive indues of all low melting resins may be rapidly and easily 
made by adopting this simple technique instead of the hitherto followed lens and reflection- 
type refractomer methods. Houwink’s observation that the refractive index of shellac increases 
on jHilymcrisation by heat has also been confirmed. 

The refractive index is one of the most important optical properties which 
arc frequently used for the identification of various solids, liquids and gaseous 
substances or for the testing of their purity. The appearance of varnish films 
and paint coatings depends to a large extent on this important characteristic. 
The relative refractive indices of some fillers used in lacquer and rubber industries 
are responsible for their transparency. In fact, even most of the non -crystalline 
substances as for example, artificial silk fibres, wool, cotton, pigments, etc., arc 
also subjected to an examination in regard to their refractive indices. 

Bradley ’ has shown the importance of the application of refractive index in 
the case of resins. He used oblique illumination immersion method and found 
out correlation of this characteristic of resins with their general physical and 
chemical properties as a basis for their identification. By using a crystal refracto- 
meter Greger^ also correlated refractive indites of resins with their general 
physical properties, as for example, density, hardness, melting point, solubility, 
etc. But the absence of an accurate and easy method, such as the use of a com- 
pact and full-]jroof instrument like the Abbe Eefractgmeter, has iiecu regretted 
by many workers.'* Hanstcck,'* therefore, devised a simple method of determin- 
ing refractive indites of resins by measuring the focal length of a copibination of 

• Comnjnm’catcd by the Indian Physical Society. 
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two convex lenses and interposing later on the resinous substance in the form of 
a concave lens cast between the above two convex lenses. Houwink*’ made use 
of the iintnersion method and determined the refractive indices of many synthetic 
and a few natural resins before and after their polymerisation by heating. His 
study has thrown some light on the structure of these substances. The Hans- 
took lens method has been used l)y Thakur and A1dis“ as well as Verman^ for a 
comprehensive study of various lac samples and their constituents. But, though 
the lens method is simple, however, in principle, some have admitted that it is 
'cumbersome' for occasional examination. Very recently West Mias published 
several methods of increasing the distinctness of the border line in the field of 
view of the Abbe Refiactoiiieter when the reflection method is used for the 
measurement of refractive index of resins and jdastic bodies. To increase the 
contrast lietwcen the tw o halves of the field of view he has used polarised light, 
a polarizing screen between the source of illumination and the front prism as 
as Avell as a cap analyser over the eye piece. Though he has claimed some 
practical advantage for this polarising nielhocl, there caiinol be any doubt about 
the superiority of the method of measurement by the transmitted light in the Abbe 
Refractometcr. The object of the present paper is to show that the standard 
type of tile Abbe refractometcr can be used for the delermination of the refractive 
index of all Ioav melting resins, natural or synthetic, by a simple leclmique to 
eliminate the obvious difficulties, and also to provide correct data for various lac 
samples corresponding to sodium light at different temperatures. The range 
through which the refractive index of a genuine lac sample varies has been in- 
vestigated and divscinssed at length by Thaknr and Aldis® and so it was not 
undertaken by the present author, 

E X r E R I M E N T A L 

A Zeiss refractometcr w ith heatable prisms was used for the determination of 
refractive index of various samples of lac and a few other'^natural and synthetic 
resins. An arrangement was made for continuously passing water at any desired 
tenipeiature through the rcfractometer prisms with the usual spiral heater and 
adjustable wateri-pressurc regulator, which are generally supplied W’ith the instru- 
ment. Any other arrangement, such as, for example, the circulation of a liquid 
from a thermostat through the prisni.s, might have been used. The thermometer 
usually supplied with the instium^nl has a graduation up to 75*^0, This was 
replaced by an ordinary thermometer reading up to ioo°C. 

A small quantity of the lesin was then slowly melted on a crucible and care- 
fully applied on the surface of the lower prism, which was kept at or slightly 
above the melting point of the resin. It has been found that at this temperature 
the substance spreads itself quite satisfactorily and small air bubbles that may 
sometimes get entangled in the molten resin during application on the prism 
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surface are easily eliminated if some time (i or 2 mins.) is allowed to elapse before 
the prisms arc closed, licadin^s may be taken at any lower temperature now, 
provided the cooling is gradual and slow. A sudden cooling may produce fine 
cracks in the resin film resulting in the indistinctness of tlie line of separation. 
Moreover, this may put excessive strain on the expensive i>risins, though gradual 
heating or cooling will not affect them. A strong source of illumination facilitates 
easy and rapid W'orking. A 100- watt, 220- volt opal glass lamp and, also, Bausch 
and Lomb microscope lamp were used successively by the author with success. 
A piece of black paper as a screen in front of the cohipensator to shut off extra 
neous light was found to give better contrast. Refractive indices were thus 
determined at different temperatures betw'cen 20" C and joo’ C. In order to 
open the prisms for cleaning, the temperature was always raised above the 
melting point of the resin, when these could be opened and cleaned easily with 
some cotton w'ool soaked in a suitable solvent. 


R E S U L r S 

The results of refractive-index measurement by this method have been show'll 
in I'ables I and II. Data on various samples of lac at different temiieratures have 
been incorporated in Table I, whilst those of lac constituents and other resins in 
Table II. For the sake of comparison with other available data a separate table 
(Table III) has been compiled w'ith references. Table IV shows the temperature 
coefficients of refractive indices. 


TahlE I 


Ivac samples 



R e f r a c t i \ 

c* I n d 

ex at 




30" C 

30" C 

1 

40^' C 

- 

0 

to 

60" C 

70" C 

80“ C 

90® c 

Kusinii shellac 

1-5224 

1-5210 

1*5102 

1-5170 

i' 5 i 3 f> 

1-5050 

1-5014 

i'4aSo 

I'alas shellac 

1*5235 

1 *5220 

1-5200 

1-5172 

1-5128 

1-5075 

1*5035 

1-5000 

Khair shellac 

l’S 210 

15195 

1*5175 

1-5158 

1-5116 

1-5070 

1-5022 

1-4982 

Tier shellac 

1 5236 

1-5225 

1-5215 

1 'Sies 

T '5152 

1.5110 

I -5070 

1*5026 

?akur shellac 

1-5236 

1-5222 

1-5206 

1-5175 

1-5136 

1-5096 

I -.5054 

1-5012 

Button lac (R.L.) 

1-5242 

1-5222 

1-5200 

1-5165 

1-5126 

i > 5 o 86 

1 -5042 

3*5005 

Dewaxed shellac Blonde 

2-5228 

I'5200 

1-517^ 

1-5132 

i* 5 ot )0 

1-5048 

1-5015 

1.4976 

Shellac Std. 1 . 

Shellac (superfine 

1-5250 

1*5232 

I -52 1 2 

1*5180 

1-5124 

1-5080 

1-5040 

1-5006 

imarseuicated) 
Shellac (Superfine 

1*5244 

1-5222 

1-5200 

1-5164 

1*5110 

1-5070 

1*5030 

1*4992 

arsenicated) 

1-5242 

1*5225 

1-5205 

1-5172 

1-5128 

1*5078 

1*5036 

i-sow 

Shellac (Fine grade) 

1*5250 

1*5232 

1-5212 

1-5180 

1-5136 

1-5195 

1*5056 

1-5018 

T. N, Shellac 

1*5272 

r- 524 S 

1*5225 

J.51QO 

1-5140 

3*5100 

1-5060 

1*5020 

T. N. Shellac F. 0. 

1-5246 

1-5230 

1-5214 

1-5182 

1-5145 

1-5102 

1*5052 

1-5010 

T, N. Shellac 12% 

1*5300 

1-5276 

1-5250 

1-5220 

1-5175 

1-5126 

1.5078 

1*5032 

Garnet lac 

1-5292 

1*5275 

i\S 255 

l- 523 «i 

1*5190 

1-5150 

1*5110 

1-5070 
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Table II 


Samples 

Refractive Index at 

20* C 

1 

30” c 

40“ C 

50* C 

6o-C 

70- C 

1 fio-C 

90- c 

Pure lae resiti ( 15 . 1 .) 

1-5248 

1 - 5 ^ 3 ^ 

1-5218 

1-5202 

1-5180 

1-5156 

1-5116 

1*5072 

Soft lac rcsiii (E.S.) 

1-4976 

1-4938 

1-4900 1 

1-4860 

1-4820 

1-4780 

1-4740 

1-4702 

Lac Wax 

1-4910 

1-4880 

1*4830 

i' 47 Jo 

1-4564 

1*4500 

1*4462 

1*4430 

Gum Kkniii 

1-5330 

1-5285 

1-5240 

1*5200 

1-5160 

1*5130 

1*5090 

1-5055 

Gum Laniinar 

1'5350 

i- 534 t' 

1*5330 

1*5320 

1-5305 

1-5290 

1-5250 

1*5210 

Teglac No. 15 

1*5540 

1-5522 

1*5500 

1*5470 

1-5430 

1-5400 

1-5362 

1*5324 


Table III 


Lac sample 

Author’s data 

Data collected from other sources 


at 2 oT 

Ref. Index 

Temp. 

Reference 

Kusiiii shellac 

1-5224 

1 'S 15 - 1 'Si 8 

I-S 20 

23* c 

Thakur & Aldis 
Verman 

Palas shellac 

1*5235 

1-517 

1-516—1-519 

i8* C 

23* C 

Hanstock 

Tiiakut* & Aldis 

Dew axed shellac 

1-5228 

1-521—1-522 

1*519 

23* C 

1 Thakur & Aldis 
Vemion 

Garnet lac 

1-5395 

1*520 

i8* C 

Hanstock 

T. N. Shellac 

1-5272 

1-513 

1’54 

i8* C 

Hanstock 

Chamot & Mason 

E, S. Resin 

1-4976 

1-503 

23 * C 

Thakur & Aldis 

E. I. Resin 

1-5248 

1-526 

1-520 

23* C 

Thakur & Aldis 
Verman 

Shellac 

1.5210—1-5^6 

1-524 

— 

Houwink 

Orange superfine shellac 

1-5344 

1-516 

— 

Bradley 
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Tabi,k IV 

Tcmperatuie coefficients for lac and other resins 


Samples 

Tern pc rail! re t'uelJli ci et 1 1 

Range vf Icmperature in *C 

Kusum vshcllac j 

— ()*octLH75 

Bet. 20 and 40 

j 

— ( ‘*000300 

,, 70 and 90 

Palas shellac I 

— 0*000200 

20 and 40 

1 

-o-(‘oo/|33 

,, 60 and 90 

Khair shellac 

— 0*000175 

,, 20 and 4n 


-0-000433 

,, 60 and qo 

Her shellac 

-0-000112 

,, 2f) and 40 


— 0*000420 

,, and qo 

Pakur shellac 

-0-00015 

,, 20 and 4(1 


— 0-000400 

I, 50 and Qn 

Button lac (R. I/,) 

— 0-000210 

,, 50 and 40 


— 0-000400 

,, 50 and go 

Dewaxed shellac Blonde 

— 0*000200 

„ 20 and 30 


—0-000400 

,, 40 and 90 

Shellac Standard I 

— 0-000190 

» 20 and 40 

Shellac (vSnperfiiic 

—0*000400 

,, 60 and 90 

unarseiiicatcd) 

— 0-000210 

,, 20 and 40 

Shellac (Superfine 

— 0*000400 

,r 60 and 90 

arsenicatc'd) 

— 0-000200 

M 20 and 40 


-c- 000410 

,j 50 and 90 

Shellac (Fine Grade) 

— O-OOOlOO j 

,, 20 and 40 


—0*000400 

,, 50 and 90 

T. N. Shellac 

-0-000240 

,, 20 and 40 


—0-000400 

[ M ^0 and 90 

T. N. Shellac K, 0 . 

~ 0*000162 

n 20 and 40 


—0*000450 

n 60 and 90 

T. N. Shellac 12% 

—0*000250 

20 and 40 


— 0 000467 

,, 60 and 90 

Garnet lac 

-0-000200 

M 20 and 40 


—0*000400 

„ 50 and 90 

Pure lac resin 

“ 0-000167 

PI 20 and 50 


—0-000425 

pp 70 and 90 

Soft lac resin 

— 0*000400 

Pi 20 and 90 

Dac wax 

—0*000150 

„ 20 and 30 


— 0-000200 

,, 60 and 90 

Gum Fleini 

-0-000450 

1, 20 and 40 


-0*000320 

IP 60 and 90 

Gum Dammar 

-0-000100 

IP 20 and 50 


-0*000400 

11 70 and 90 

Teglac No. 15 

— 0*000200 

II 20 and 40 


— 0-000375 

II 50 and 90 


242 


G. N. Bhaitacharya 


id 

a 


u 

CC 

1^ 

p:: 


J' 5^5 ^ 
2 520 

i'S^S 

I’lio 

r'505 

1*500 



20 30 40 50 60 70 80 90 

Temperature in degrees centigrade 

Refractive Index— 'I'enip. Curve for lier {Zizyphus Jujuta) lac 

Figure t 


I 

.0 


OJ 

1 


't! 

pi 



20 30 40 50 60 70 80 go 

Temperature in degrees centigi'ade 

Refractive Index — Temp. Curve for soft lac resii^ 

Figure 2 


M 

ns 

A 


03 

I 


i'535 

l'520 

1 ‘ 5 I 5 
I ’510 

1*505 

1*500 



20 30 40 50 60 70 So 90 

Temperature in degrees centigrade 


Refractive Index — ^Temperature Curve for pure lac resin 


Figure 3 
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20 30 40 50 60 70 80 90 

Temperature in degrees centigrade 

Refractive Index— Temp. Curve for Gum ISlcmi. 

FlGXJRn 4 


i’490 



Refractive Index— Temp. Curve for 
Shellac Wax 


1*555 



20 30 40 50 60 70 80 90 

Temperature inyegrees centigrade 

Refractive Index— Temp. Curve for 
Teglac No. 15 


Figure 5 


Figure 6 
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Refractive Index -"IVinp. C'lirvc for Daiiiiiiar (Timi 
Fu'fURIi 7 


DISC U S SION 

A typical curve representing the temperature variation of rcfractiv^e index 
of lac- Ims boon shown in Figure 1. Tlic graph is for Bor lac but most of the 
dilTcrent varieties rf lac examined fall under this group. From this curve'it 
will bo"' seen that there is a bend nearabout the region of 4o‘’C — so^C. This 
simply shows that the temperature coefficients of refractive indices of lac change 
nearabout this range, indicating thereby the softening of the substance. The 
variation of refractive index is almost linear up to the lower limit of this 
softening range and it follows the same law after the higher limit, too. The 
soft resin constituent of lac, liowfevcr, does not show' any such bend on its 
curve, but follow's a linear relationship throughout the range of investigation 
(Figure 2). It is easy to .sec, therefore, that the .soft resin is a pure liquid 
even at 2o‘’C and remains so throughout the range of temperature of investigation. 

The pure resin, on the other hand, softens after 6o“C and becomes liquid 
only after 80° C. (Figure 3). 

Thus it is seen that the shellac or the pure resin begins actually to soften 
at a lower temperature than that found by the standard methods" generally used 
for the determination of the softeuiiig point. This fact has also beeu evidenced 
by the variation of the specific heat of lac with temperature.’® 

It may be easily seen that the Hanslock lens method has given somewhat 
lower values for the rofactive index than the other methods. This was observed 
by Verman and he attribtited the cause, at least partially, to the use of white 
light instead of sodium light. This explanation seems reasonable, for, although 
the lens ai)paratus was calibrated using a liquid whose refractive index was 
assumed for sodium light, it could uot compensate completely for this discrepancy 
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owing to the* difference in the dispersion co-efficient of a resin and a liquid. 
That inay^ therefoie, be tlic reason why the values obtained for refractive index 
of shellac by Hanstock or Vermau or Thakui and Aldis are slightly lower than 
that found by Houwink or Chaniot and Mason or the present author. 
Houwiiik's value for the refractive index of shellac obtained by the immersion 
method coincides admiralty with the average value for shellac obtained by the 
present melliod using Al)l)e Kefractometer. For a few other resins, too, (both 
natural and synthetic) whose refractive indices liave been measured with the Abbe 
Refraetometcr, the values are slightly different from those obtained by the lens 
method. Dammar Gum and Teg lac No. 15 give slightly higher values whilst 
the value for Cum Elemi is a bit lower than that obtained by Hanstock. It 
appears, liowevcr, that those substances which are liquid at ordinary temperatures 
have given slightly lo\\'er values by the Alibc Refractoineter than those obtained 
by the lens method (cf. soft resin and Gum Elemi), whilst revei se is the case 
for other resins. This again suggests that the discrepancy is chiefly due to 
using w bite light instead of sodium light. 

The temperature coefficient for almost all varieties of shellac is between 
1.5 X 10“'^ and 2.0 X before the softening range and between 3,0 x 10 and 
.').2Xio“* after this range. 'I'lie average temperature co-efficient for the soft 
resin and the Gum Elemi is 4.0x10’'’^ throughout the temperature range of 
investigation. These co-efficients have been shown in a separate table. (Table 
IV). 

The determination of tlic refractive indices of resins using Alibe Refracto- 
meter is, therefore, reccniiniended cither before the softening range starts, /.r., 
below or after it ends, viz-, at about 7o''C. The exact softening range 

will of course depend upon the nature of the particular resin of which the 
refractive index is to be determined. For all varieties of shellac, how^ever, the 
higher tem]>erature, viz., about 7o°C is very much desirable for the reason that 
it gives a very sharp, well defined line of demarcation between the two halves 
of the field of view and takes very much less time in the determination of this 
constant for routine work. For, this temperature, being near the melting point of 
practically all varieties of shellac, will serve both for the purpose* of film formation 
on the low er prism of the refractometer as stated before, as well as for the deter- 
mination of refractive indices. Determination at low^er temperatures will mean 
raising first of all the temtierature of the prism to a higher temperature for produc- 
ing films and then lowering it for actual measurement. For cleaning the pi isms 
again the temperature will have to be raised. As this naturally takes some 
time for each sample, it is an advantage to measure refractive indices of shellac 
or other low melting resins at a higher temperature. For !:ard lac resin or 
some other polymerised or adulterated lac samples it may be sometimes nece.ssary 
to carry on the determination at 8o®C or so. From the table it will appear 

w 
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that uhiio:-,! :ill t^:inipIcS nf 


be iviJI give a value within the range i.^o- 


ii ;//'(' ivilhm J.5<u 


at Sn'^C. Admixtaiv of rosin 


alu'iiys a '’aliic , as 


will he seen Iron) the values obtained for a 


sa/iijW( ofshcilat. ninrkrd T.^^ r:', n)iilaiiiUJ,i; J2% 


rosin. Tliakur and Aldis 


i^imiluily ohliiiiiLi] a liiu, Iirr vidi/L fni a sample ooiitainiJj;^ 3^-Vo losin. 

Hoin\ ink iias oksenvd (Iiai leMiis eenciaJiy .kive a hiydier value of refractive 
index oj) j).)' vnieriMt lo»i’ a .vimple ot shellar the vahie incTeased from 
r.fvr] lo liealiii;! h»/ /no at i/n'C. A'erniiiii, oji the other hand, 

foumLi dehnile de';iease*in i!ie ufiaelive index for Irielilnrcthyleiic-extractcd 
liard l;i(' lesin on lienli/ie oveniiyhi at u^o' C. 'Phe jircsenL autlior. therefore, 
lric‘(l to tlclerijiliie the iLliaeti\'e index (>1 heat hardened pure lac: resin for 
eoiilirmatioii of the point. Jl \wls found llial elliei -exti acted pure lac resiji 
on liei/oj. Iiealed a1 alMjut loo C for only (> hours ^^^ave a siinhtly higher value 
of refraetiNa; in/lex, rr,, an increased ^alue fioni to 1-5^70. 


(. K N i}\V L li DC 1 ' N T 
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HIGH FREQUENCY MEASUREMENTS 0{' [ HE AMPLIFICA- 
TION FACTOR AND INTERNAL RESISTANCE OF 
A THERMIONIC VALVFA 

Bv M. KAMESWAR RAO, IVl.Sc. 

{ l\i'i ci rcii hn I'liblii fni'i fo/ i) 

ABSTRACT, Tin- rc-ult'- (-f mihu sn'i» oi hum.' nn'iiu rT , oj i he ;hii|i1iIu ; if jnn Luior iind 
till intcnial U’M'.staiiit' of a ilarminiiK ^riJ\c o\(r a i.'oilj ifidin^h ( iinuitiis an eivLii Jit 
tills jiapiT. 'ITj(' iiP'aMirriiH'nls of tlic aiiijilEaMti'-ii Ek It i iiiadi’ 1;\ fol!r)uitin Miller’s 

urTIjoiI suitalih niodilied. The iiiL'iiial usi.MaiKe oj llie \.d\'e \m[]i and withnnl an\ lixcd 
III, ell \’ollaee apiilicd tn Hu [ilatc was Helu iiiiiif’d hy the ili'dininie imTIual 


1. I N T K () J) VC T 1 I) N 

vSoiiic niciistirciiK Ills nf the aiiipliTicntion Ticlor nf a I lici iDioiiic \;ilu’ in llic 
rei;;i()n o) radioJrcaiuciif'ics had ]>rc\’i()M.siy hcen rcjioitcd hy Joslii and t^axciia ' 
jMilra and wSil*-' had also [luhhslu'd sonic v\o(h on tlic inlcma! vcsislancc of a 
valve for hij^h radi(.)-[rc([ueii( jcs and llicy ga\c a tliaoictical irilciprclalion of 
llicir work. 

'I'lic lH\!Ldi-frc(jncncy inc.isurcnients undcriala.n in IIk piT'senl in vcslip,ali()n 
constitnic a study of tlic amidiiicalion fac((>i and intcnial lesislaiicc of a 
thennionic vnivc over a uidcr lanye of ladio-frcijULncies. Millers iiKlliod 
suilaldy modified was adopted iortlie 11* Ih ineaMirement of ani]diliealion facloi 
and for the liighMicTiuency nicasiueiiients of the inteuial resistance, the disl lining 
method was employed. 

2 . HIGH - TM<Kn PUN CY IM K A S IMM* M G N T S HI- T l\ V 
A M !• L J P T C A r I ON h A C T O K Oh A \T\ h V h, 

fa) DcsctipHofi oj opJuDaiiLs 

All oscillator of the Hartley type was constructed with a suitahle indue- 
tance coil and a suitable tuning condeiisei, one or IkTIi of whit h eoulil he 
replaced to give the desired frequencies. A coupling unit was hnilt separately, 
consisting; of a .suitable inductance and a suitable \Tiiiabie comlcnsci . 1 wtj leads 

twisted together carried H.F. currents to the Miller bridge which was used 
with some modifications for finding amplification factor of tiu valve, 'these 

* Connnnnicated by Ihc riidiiin IdivsicuJ SoriOv. 
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leads which were iusulalcd from each other w'ere passed tliron^h an eailhedtin 
lube. One end of each of the two leads was connected through a siiital)lc 
condenser C| to the loosely collided circuit The experiincnta) arrangeinent 
is shown in lig- t l^i were tlie two resistances connected in series 

w ith their conunon joint earthed and connected to the filament negative. One 
end of Ri was connected to the grid of the valve. The other end of R^ w’ns 
connected through the heater coil of a vacuum thermo-junction T, a D.C. 
niilliaunnetcr A and a key to the negative of the H.T> battery, tlie positive 
end of which was connected directly to the plate of the valve. There was an 
arrangement w ith a low -tension battery and a variable resistance to balance 
out the continuous plate current Ihrougli the heater coil of the vacuum junction 
as indicated by the milliammetcr A. A moving-coil mirror galvanometer G 
was used in combination with the junction 

The resistance Ra was a metal-film resistance of 4900 ohms with practically 
no self-capacity. It was kept iiivSide a beaker containing transformer oil to 
miniinise the healing of the resistance. Ri was a iion-inductively-w'ound P.O- 
Box resistance. This lesistance was adjusted till the deflection in the galvano- 
meter cunnected with the healer coil of the vacuum junction was minimum. The 
amplification factor of the valve was then given by 


(h) MciisRrcmcRls oj Ihc H.F. amplification )acloi for various frequencies 

The frecjuency-rangc in these meastiremenls was from 149 kc/sec to 3333 
kc/sec (f.c. from A^9i m. to A = 76om,). The amplification factor of U 



High-Frequency Measurements oj Amplification Factor, etc. 249 

Telefunken RE 134 valve was found to iucixase steadily with the increase 
of frequency up to about 1 boo kc/sec. It was thereafter found to decrease with 
further increase of frequency. For high radio-frc(iiieiicies ihe nondnductively- 
\\'OUnd resistance Ri can never be considered non-inductive. The v.l)served 
decrease of the ainplification factor may be altributcd to this cause. Measure- 
ments were not therefore carried for still higher freciuencies. The experimental 
results are shown in fig. 2 - 



3. HIGH- P R R Q D K N C y m l\ A S V R K .M P N T S ( » 1' 1 N T H R N A L 
R K S I S T A N C K O F T H U V A I, V U V ( ) R D T F 1' K K F N T 

F R F Q U F N C 1 F S 

The distuning method was employed for the nieasurenicnt of the inteinal 
resistance of the same Telefukcn valve. The experimental arrangement is 
shown in "fig. 3. An accurate thermo-galvanometer A and calibrated condensers 
were used. The condensers were calibrated by a heterodyne wave-meter. 
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Imisi tluMesisUiiK’C R ol' the useiluilory eiirLiil eonlainiiTR tlie induclanee 
and the variable ca])aeily was delei mijied when the lllaiiieiit of the valve was 
oil. Next, tile hlanienl \N as hwilclied on, that tlie rapac ity was now shunted 
by the liiRh resistance of thexjilve. The lesistance R' of tlie circuit was tlien 
deteriiiinecb The resislance in ohms was calculated from the usual lonnula : 

wliere A/,, is tlie W'aveleiiRth in rneties, C, and C;. are the capacities when the 

current is reduced to / times the resonant cm rent and C'„ the resonant capa* 
V 

city. (The c'apacilies ate ex])iessecl in niicro-micro-farads.) 

The difierence (R'-^R) which corresponded to the increase of the series- 
resistance due to electrons in the iiiter-eiectrodc space was then converted ^ into 
its eqnivaient-parallel-resistancc /* by tlie formula : 

2 ( ' T> ^ *‘'( 3 ) 

Lo iR ’^R) 

This gave tlie internal resistance o{ the valve. The variation of internal 
resistance of the valve frequency is shown in fig. 4. 



Figurh .j 
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It IS significant (hat the internal resistance of the valve was foniul at first 
to diminish with frerineucy till about hon kc. and then il was found to increase 
again wdth further inci ease of fieijntncy- 1 1 should he pointed out (hat the 
amplification factor of the same valve was found to mciease steadily with 
frequency up to the Seiinc frequency. 

4 

Another Series of experiments foi determining (lie inteinal resistance of a 
Philips H 406 valve .■c,'7 /ioii/ (/w.v ro/’/agi’ lo llu‘ vj ilir vahe was 

carried out. The range of freipieiic)' employed in these measurements was from 
165 kc./.sec. to T3000 kc./sec. 'I'ln se results are iliu.strated in figs. 5 and b. 




PN KiLO-CYCLtS- ► 

35o 

h'uUlNIC O 

Coiiii)iirin.u Hicbu rusnits witli Milra and Sil s njcasiircnicnls it can be said 
that tlic nature uf variation of the internal icsi-^taiicc ulfscrvcd by llicni was, on the 
whole, similar to that ol)scrvcd in tlic ptesont work. Tlic dificicncc lay in the 
fact that the internal resistance of the valve in these eJvperinieiits diniiiiished 
steadily, thou.L^h slowly, ^vJvll frequency, wdiereas in the same range of 
frequencies the internal resistance of the valve used by Milra and Sil was 
found practically constant. 


4. SUMMARY 

The H.F. ani])lificalion factor of a Telefniiken RE 134 valve was measured 
and found to increase steadily with frequency up to a certain value of the 
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frc(]iie]K'y, after which it was fontid to diminish with further increase of 
frequency. The mcasincinent.s of the internal resistance of the same valve (with 
a fixed plate voltage) showed tliat at first it diminished with the increase of 
frequency and that suhsequeiitly it increased steadily with further increase of 
freciueiicy. Tire internal iTsistancc of a Phihps 11 406 valve (w'ithout any applied 
voltage to the idate of the valve) was also measured for a wide range of 
frequencies. The nature of the variation with frequency in this case was similar 
to that in the previous case (when a fixed voltage was applied to the plate). 

The ineasmemeiils of the internai r esistance of the valve for radio fiequ' ney 
w'ere carried out l»y following the distuning method. The measurements of ampli- 
fication factor were made iiy the iiietliod of Miller. 


K P, 1 ’ K K K N It S 


* lowin' imd Si.TXi'iui, Sciciirc and Cullmc, 3 , ,s6() (1430). 

* ]\lilra and Sil, f'hil. 13 , loSi (14321. 
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“ ON THE ORIGIN OF SOLAR SYSTEM 

By P. L. BHATNAGAR 

Mathematics Department, Allahabad University 

[Keccivcii for t>iibliiolioii, !\Iay sc, lojo) 

ABSTRACT. The paptt deals with the tidal theories of the origin of the Solar Sy.stPin. 
The author has shown in ga to §5 that in heo-hodv f’rohlnii there is no possibilit)' for the 
formation of the planetarv ribbon, from which the present planets are supposed to have been 
developed, by a close encounter or a grazing colli.sion itetween two .stars of usual mas.ses. 

In §6 and the following sections, the author has examined mathematically the theory 
extended by Lyttleton to explain the origin of planets and ha.s proved that in the iiio.sl favour- 
able situation for the formation of the planetary ribbon in the flirec-botiy firoblrm, at the middle 
of the collision between the sun's companion and a visiting star, the sun would come so near 
to its companion and hence to the vi.siting .star that a very <.lo.se encounter or collision between 
them can hardly be avoided. 

§1, From time to time, several theories have been suggested to account for 
the peculiar dynamical arrangement of bodies which con.stitute the solar system. 
Rut when these theories are tested in the light of the distribution of angular 
momentum in the system, none is found to hear the test and a new tlieory was 
expected to come forth which may explain this aspect of the solar system also. 
H. N. Russell, along with several other theories, suggested ’ “that our .sun might 
have been a binary star having a companion much smaller .than itself which had 
been revolving about the sun at a distance comparable with major planet.s, and 
that the collision between this body and a passing star broke this companion into 
fragments from which the present planets were developed. He gave uj) the 
hypothesis thinking that it was not possible to account satisfactorily for the ionisa- 
tion of the companion from the sun and the ultimate formation of the terrestrial 
planets. 

Uyttleton* tried to give a mathematical treatment to Russell’s suggestion 
that the sun had once been a component of a binary star whose companion had 
been removed by a close encounter with a passing stui . He also studied the 
particular case where the masses of these three stars were taken to be eyual. He 
studied mainly the ionisation of the companion from the sun and assumed that 
“the mechanism wliich effects this disruption also produces the planets giving 
them widely varying angular momentum per unit mass and possibly causing 
them to proceed round the sun in the same general direction more or less in a 
plane.” 


Couiniunicdted by the Indian Physical Society- 
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lyiiyten and Hill studied ’ rn detail the two cases, where the masses of 
all the thiee stars arc equal and where the intruding star was less massive than 
the sun. They pointed out that the two imi»orlaTil factors were overdooked by 
I^yttleton, (i) kinetic energy required to form the ]»lanets is very large and 

the intruding star nni>st have had an initial velocity of about lOO km. /sec. at least 
relative to the .sun at a great distance fiom the binary system which is of 
rare occurrence in nature and (2J that Lyttlcton assumed that the whole of the 
planetary ribbon was avai-ablc for the capture by the sun, whereas the calcula- 
tions show that only 6 % of the whole length of the ribbon could be captured 
if at all possible and, in view of these circumstances, the theory is untenable. 

To avoid the requircniciils of very large velocities of the intruding star, 
Lyltleton^ put forward a new liyiJOthesis that the intruding star was much more 
massive than the sun. In a recent paper laiyten has criticised this liypothesis 
of more massive inliudcr and suggested that it is exceedingly improbaKe that, the 
sun could captuie any patt of the ribbon w ithout itself being captured by the 
intruder, and that “ in the situation most favourable to ca]jlure, the sun must 
have been nnining roughly parallel to the filament for iconic time and must have 
suffered a close approach or a collision with the intruder. 

The whole i^roblem is very complicated on account of the fact that it involves 
the eonsideratioii of the problem of three bodies in tlic' beginning and after colli- 
sion, a consideratifm of multiple bodies. The above-nieiilioiied treatment by 
lyyttlcton, Lnyleu and Hill, as it stands, lacks in Mathematical analysis, 
lyyttlcton assumes that llic sun remains from the beginning to the dnd of the 
encounter at the same mutual distance from the companion. In a recent pai)er, 
Ivuyten has criticised Lyttletoirs vectoi diagram and pointed out the errors, but 
his criticism also is more or less speculative in character. In the present paper 
the author has tried to study the change in the velocity and position of the sun 
during this catastrophe from the inatheiiiatical point of view'. 

Since the time the tidal theory has been suggested, the possibility of a close 
encounter or a grazing collision resulting in the production of a nialerial ribbon, 
from wdiicli the present planets were formed, was assumed. Before discussing 
the main problem, the validity of this assumption is tested. 


S2. Tidal Force : — I^et Sj. and ^2, be two star.s whose eleineiils arc given 
below 1 — 


Mass 

Undist urbed 
mean radius 


vSi 

M, 

R,= a/311, 

. 4^f>i 


Sij 

Mi 


/>!’ 


P-i- 


Mean tk-nsity 
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Distance between S] and =d. 

Let J\l2 = tiM 1 , J = qH 1 and / - />K j . 

Also let ADCI) (diagram I) be the suction of Sj by the relatixe orlhlal plane 
of >S I and S2, which we take to he the plane <;/^ = o. 

F , - altvaciioii at P' (r, 0 , 0) due to S2 
IVI2G 

d*‘ -f i^ — 2 id cos 0 ' 
regarding So lu be splierical. 



1^ 

I)ia(;ra]m j 


F = attraction at Sj due to S2— , 


component of Fi parallel to Si vS. 
and component of F, perpendicular to vSi 


M2O (d - ) cos Jd 

M2(t (r sin 0 } 


{d‘\ 


• 2 rd cos 0 )- 


(2) 


Theiefore the tide-generating fmxe at consists oi tw o c oinponents : one 
parallel to vSjSu and equal to 

M^F'i id ~r 00^ if) 

i 20/ cos 

and other [)er[»endiculai to Si vS^ and equal to 

M.j(t r sin 0 
id^-tr^- 2 rd cos 6^)‘^ 


1 (3) 


V I I 2 (d- r cos 0 ) 

(d^Tr^ ~ 2 rd cos 0) , „,i! 

r*^-27ticos p) 

which acts in a direction making an angle a with the perpendiculai diiectioii 
to S1S2, such that 


d^id-'T cos 6 ) — ^ 2rd cos 

tan a“ ' j2 • ^ 

d^r sill 0 


(. 1 ) 



2^6 
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When //d is small we may put 






:i V 1 + 3 cos"^ 


and tan a — 2 Col 0- sin 0. 

'rile coii]i>uiiei]l oi’ T along Si T’ — T sin (a — O). 

, , i . Mi(jnc 

The force ot gravity at r' due to Sj— ,t' , 


wliere k is a function of 0 (iiide pendent of /) depending on the degree of 
distortion of Sj, 

The coinponeiil of the tidal force balances the gravity at T' 


if 


1' sin (a = 




i.i\j il 

^ / 1 1 

jM^Ci sin (a-fy) V 2 n/ cos 0}“^ 


which may be put in the form 


sin (a — (9j 



I 

((/“ — 2 ]U] cos 0)'^ 


2 (d-~r cos 0) _ MiGrK 

(d'^ 4- - 2 fd cos ^ 


2(q — p COS 6^) 

(c/’^ I' 2 p(] cos 


where 


and 


(function of d) 


tan = “ — - 


■ p cos — {q^ + ^ 2pq COS 

a ‘/> sin 0 


( 8 ) 

'9) 


I^el US now put ^ = 0 . 'I'hen llic points of eciuality of the tidal lorce and 
the gravitational force on Sj S;i are given by 


X. 

{q-fV^ ql ^ 

'I'he three roots of (lo) are 

l\ — o » (centre), 



(10) 
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Let 211 > 

Then, if 2n > 4q‘\ one root is positive and tlie other negative ; the negative 
root is less than the positive one in niaguitnde ; if zn < the negative root is 
greater than the positive root in magnitude. 

Let 2 u <C Then both the roots are positive. 

We shall now consider the variation in the diiTerence of llie tidal force 
and gravitational force along the radious of Sj directed towards Let 


J/-M2G 


2 

(d-rV^ 



('f //c 


Putting 


M,G/v 

Rr 


= and then 3'==^ c, we have 



Hence increases with if 2n > iq-p)''^ and decreases with the increasing 
P if 2n < (q’^p)'^' These inequalities are all the more satisfied if 2n > q'^ and 
2n < (q'-pi)^ respectively, where />i is the greatest value of 

The complete tidal disruption of vSj would be possible only in tlie first case, 
when 2n because in that case the tidal force on the material everywhere 
on the axis would be directed outwards; whereas in the case 2» < — 

there cannot be even the slightest shedding of material from vSi. For the partial 
sliedding-off of the material fioin S| the value of »/ should be between and 
o (^“1.05396) \ where Pi has lK;eii taken equal to 1.65396 corresponding to the 
critical eccentricity .882579 required for the disruiition of Si . In the following 
tables the limiting values for n have ])ccn collected for diffeient values of q. 


TAlitg I 


If Si is in form of a sphere If is a critical spheroid 


n < 

n > 

1 ^ 

n < 

a > 

4 

*5 

2 

1-947 

.0101 

3 '^ 

^3.5 

4 

IS-S7« 

3.143 

108 

62.5 

6 

52.574 

19.9S0 

^56 

171 5 

cS 

I24.62J 

62.206 

500 


Id 

243-4OU 

lAl'Soi 

«64 

66s*S 

V2 

420.595 

269*552 

1462 

I098.S 

H 

711.703 

458.040 
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In these calculations we have jmt pj = i in case of the spherical star 


and — ^ -^>5396 and k 




l c 


.2 


T -I- C 

lO}' --2C 


= .4868, taking <‘ — ,8826. 


Table II 


It 

( 

\ 



•4 

, 1 

■ .6 

.8 

: r.o 

1 .2 

JO 

4.868 



”'•2534 


- .448^ 



27 

13.143'' ! 

0 

~ .017K 

“ 0042 

: .0483 ' 

1491 

■3^2.S 

■5577 

32 

15.5776 I 

0 

.0160 

•ofjgi 

: .1683 : 

.5248 

•5555 

,883;: 


In the graph I curves have been drawn for three values of n showing the 
liphiivionr of r: as 'I? is incrcasprl tfitini> /i=/i 



a •» ? ^ 

When the star is the spheroid \ 1 (a > b), then = + J R / ( 1*/- 

J + u)^{b^+h 

j f- ^ p, U~e "H 
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111 fl:i, since at every iioint along SjA the tidal force is greater than the 
gravity, the acceleration at eveiy point would be directed away from the centre 
Si and the stellar material would move outward resulting in ejection, because the 
action of the fluid pressure is always to encourage the ejection, in up to 
p = .4iS the gravity is greater than the tidal force and aftci that the latter 
is greater than the former and thus the acceleration at every point corresiionding 
to greater values of p than .41S would be directed away from Si and hence a 
partial ejection may take place. In «i ejection does not seem possible. 

It should be noted that if S, is in the form of a sphere, the same cuives 
correspond to the masses n = io, 27 and 33. Thus, if initially Si is undistorted, 
foi ejection of the material, Sj, which is supposed to be situated at the same 
distance Q = 4, should possess comiiaiatively larger masses- 

We shall now consider the variation in magnitude and direction ol the tidal 
force acting along an iniagiuaiy ciicular section of Sj in the relative orbital piane 
of Si and S;,. We shall make use of the approximate formula, since in 'hat case, 
too, the fundamental characteristics remain unaltered. Porniulae (5) and (6) are : 


T = 


Mi^Gr 


v' r "t 3 cos'^t/ 


(5) 


and tan <> — 3 cot 0 - ^ ■ sin ft*. ... (o) 

3 d 

Instead of plotting T against 6, we shall plot T' against where 

r- - 

The components of T' tangential to the circle and along the radius vector are 
equal to T cos( 6 '-«.) and T' sin( 6 '--n). We shall plot these two components 
also in the same graph (see graph llj. 


Tabi,e 111 


e 

T' 


T' cos (a“6>j 

T" sin 


(V 

10“ 

Jj 

I.gS 

1 

0 

2 

J-QI 

1 s aj 

gt 

eb C 
§ 


j gi 


■03 

i.t)5 i 


30" 

j>o 


1.30 


1 ? JZ 

1 


j 66 


1.-18 

750 


J.50 


148 

,240 


60' 

^ 3 ^ 


i. 3 '> i - 

.'^30 1 


70" 

1,16 


.03 1 

.647 1 

is 

. 8o- 

' 1.04 


-513 

‘905 ‘ 

90* • 

1,00 


.000 1 

1 

I.fXX) 

1 *^5 
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10 ° 20® 30“ 50“ 30'’ 60® yo ° 80'’ yu* 

(tRAPH II 


111 preparing the above table we have made use of the formula tan a==2 cot 0 
instead of the formula (6). If the formula (6) would have been employed then the 
curve B would not reach the ^^-axis, it would have been much above ir for ^”90" 
and similarly c' would not join A at 0 — The end points a and b would move 
towards one another along ab as wc consider more and more correcr' approximate 
form of the formula (5) and (6). 

§3. Material icquircd to jorm the ribbon : — Considering the stars defined 
in §2, we have 

Ml = the mass of S \ — . 

As menlioncd in §1, tlic total massi of the planets= .0015 and that o:ily 
6% of the filament by length may be captured in form of the primitive planets if 
at all. Therefore the total , mass that should be ejected from Si to form the 


t RpSvStll, Dugan and Stewart's Astronomy/’ part (t), appendix p. (/fi, 
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ary ribbon = .035 if Ihe mean density of the filament is also equal to the 
mean density of the star S 1 ■ In general the density of the filament would be 
much less than that of the parent star, firstly because the material lonniiig the 
filament would be from the bouiidaiy of the star, secondly under the opposing 
gravitational forces of the two encountering stars the filament would diffuse in the 
space rapidly and thirdly because the temiierature of the filament would be at 
least few thousand degrees centigrade \Ahich would help iniineiisely the diffusion 
pointed just above. If Si possesses mass equal to that of the sun, then the mass 
of the material that should be ejected out should be equal to .025 M 1 

= .025X§;rRi>i. 

This material would fonri a si -here of radius Ro and mean fluid density 
where Ro == .2924 Rj 

and hence po must be nearly 1.0692 if Sj is a ciitical spheroid or -4152 if the star 
is spherical, where fjQ li’ the value of •/) v\ here 3=0— of course positi\e and other 
than zero. For this to be realised, the masses of .Sa for values of q are obtained 
in the following table : — 


Table IV 


When Sj is a sphere 


When vS) is a critical spheroid 

n 

Q 

n 

2.7343 

2 

•5757 

27 109 

4 

96444 

06.923 

6 

38.079 

236 24 

8 

100.23 

469.10 

10 

205.15 

819.42 

12 

365.26 

I3n 3 

14 

592-39 


Taking S, equal to the sun we find that in order that there may be a possibi- 
lity for the material, necessary to form the planetary ribbon, to be ejected out, the 
mass of Sa for a particular value of q lies between the two limits given in the 
above table for Sj would neither be a sphere nor a critical spheroid in genet al, 

2 
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§4. Tidal disiorlion 0} a spherical star inlo a critical spheioid : — Putting 
f)=nl2 in (3), we get the tidal force at a point lilce Q. We have at Q 


‘ = MaG V-^ + TT-i 


and 


_ d"’ - (d~ + ) 

tan a= 

d-r 


d‘ (d +T-)- clid^ + r^)^ 
(from 4). 


Hence T co& + r^P 


T sin a = - 


M>Ol d'*-^d^ > 

d-ld^ + r’"^/^ 


While considering the tidal deformation of S] we shall regard Sa a point mass. 
Let at any stage of deformation a, b and b be the lengths of the axes of the 
spheroid to which the star has been deformed under the influence of Sa- 

Pressure at S I as obtained from the consideration of the equilibrium of the 
fluid column along SiA 


■f 


\ + ^ log 

{a(a^ — b'^)^ \ , 0.+ v'a''* — I)'"*/ I 


■MoG 


^(d-r)« d--')J 


dr 


nGpxO^b'^ ) / ~i — rT_L 1 fl- 

=: - j— — < 2 v - 0^ + a Jog — 


(a^ 


-6^ ( 


MoG 


id-a) d d- 


a+ — b® 

where the expression within the serpentine brackets arises due to the attraction of 
the star vS) arid the remaining expression due to the tidal force of S.2. 

Similarly the pressure at Sj as obtained from the consideration of the equili- 
brium of the fluid column SjB 


= n-GPiab^ 


2 a(a2 - b‘^)l 


I 1 s/a'—b'^l 

1 2 V a ~ 0 ' + a log — — y 

! a+ 


+ M2G[i- — — • 

L® v'd +6- . 


These two pressures must be equal. Hence 


M 


I 1 

• + - 


d-i d-a 


1 

4 a 


I + - 2 ^ j ^ — b +alog . I 

2ia^ - b^)-> ( a+v/a— b-')J 


f^ow 


g— \/a ' - - b ~ I 

a -t \ 

<i=Ri(i-e®) ^ and b = Ri(i-e^)^, 
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According to the notations given in §2, ue can pul lUis equation in the form 



When S2 is at the position of So of its iicaresv approach to Sj or much 
befoie this (such that SjSo is of the order of 20 to 30 solar radii) iu the diagram 
(iij, Si must be so much deformed that its eccentricity is greater than the critical 
value .882579, otherwise there is no chance for ejection of the material (see in §5). 
In the case when Sj is deformed to llic critical sliape the material would be shed 
away from the vStar Si irresiiective of llie inolion of on account of the 
momentum imiiarted to it by the encounter of tliese stars We sliall now treat 
the equation (uj nuiiieiically. Taking ^“ .8826, we have 


Tabi.k V 


,= 1 

1 

^ 1 
1 

4 6 

8 , 

1 

JO 12 

14 20 

30 

1 

n ™ 

.0^8 

2.578 10 557 

27.205 

55.66 QQ.l 

160 7 4 ^< 4.7 

1682 


The above table gi>es the relation between gaiid^. In order that the 
spherical star vS] may be deformed in the form of a spheroid of eccentricity £ = ,8826 
due to the tidal action of another star vS- situated at the distance deleniiined by q, 
the mass of the latter must be ?i. It is quite evident fi cm the table (V) that in 
order that tlie requisite defoniialion (e— .8826) may he rca3i/.exl from a distance of 
about 20 to 30 solar radii the mass of vS2 must be mmsually ctionnous. 

§^i §3 and §4 we have considered the tidal distortion of a spherical star 
and the conditions for its ultimate disruption when the visiting star is stationary 
so that the tidal forces have got enough time to redistribute the mateiial of Si and 
produce the calculated distortion. It has been shown above that in order to 
deform Si (assumed to be sperical initially) so as to reduce it to the critical 
spheroid (e — .8826) the stationary star situated at the distance of 20 solar radii 
must possess 4S5 times the mass of the sun. Similarly, if we take the distance 
between Sj and S2 to be 30 solar radii, the requisite mass of S2 must be 1682 times 
the solar mass. By taking Mi greater than Mo vve shall be able to increase the 
value of Pq, ; but on account of the increased mass of Si vve shall require more 
massive intruder iu order to balance the gravitational force of Si at that distance 
even. In order that the tidal force may be greater tlian the gravitational force 
on the material of Si necessary to form the planetary ribbon when S2 is at a 
distance of 8 solar radii, the latter must be about 100 times more massive than 
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the sun if Sj is alreatiV deformed to the critical eccentricity and about 236 
times more massive than the sun if S| is spherical. The reduction of the 
distance between Si and S-j and consequently reducing q, no doubt, reduces 
the value for the mass of S^, but on account of the extensions of the stars there 
is bound to be a very tremendous collision between them in the first place and 
in the second it will be seen in the discussion of the dynamical problem below 
that the duration of the clTective encouutei and the collision is so much reduced 
by reduciiiK <i that the di.sruption liecomes an imp-jssibility unless there is very 
tremendous collision beta ecu the stars and in that case W'hat actually happens 
cannot be predicted. Thus it can be inferred that in statical problem in order 
to ensure disruption of Si by the tidal action of Sj, situated at suitable distance, 
the latter must possess unusually great mass. 

§5. .Slrl/iir anrounlar : — .Vearly everybody has assumed the possibility of 
encounter between two stars resulting in the foimation of the planetary ribbon. 
We shall in the very beginning make an attenqit to study if it is at all possible 
to produce the desired ribbon by a close encounter or a grazing collision 
between two stars of usual masses and sizes if we take the relative nn. lion of 
the stars into account. 

As we can conclude from the discussions in §2, the greatest tidal foifces 
are exoiled on Sj when the passing star is nearest to Si and that seems to be 
the most favourable situation for the removal of the material from the former, 
in the form of planetary ribbon. It will be seen in the following treatment that 
the time during which the grazing collision lasts is extremely small. Is it then 
possible even for those maximum tidal forces which act foi a very short lime 
at a particular point of the material of Sj to produce the desired ribbon ? The 
following treatment show's that the answer is in the negative. 

Before proceeding further, it is necessary to define the encounter and its 
duration. By encounter we mean the close approach of a star within a certain 
specified distance of another star and the duration of the encounter may then be 
conveniently defined as the time during which the intruding star is within that 
specified distance. 

In §9, we have calculated the eccentricity of the hyperbolic orbit of the 
intruding star relative to the other star at least in two cases. In both these cases 
we find that e is very nearly equal^to unity (vis., 1.068 and 1.014). is quite 

in keeping with the general consideration of the stellar motions. The stars 
possess very small proper moiions but if then any sort of collision is to take place 
the intruder moves tow'ards the star under its gravitational force and the orbit 
described under these circumstances must be more or less a parabola. Hence in 
general we shall assume that during the encounter between the stars, is 
describing a parabola under the action of the gravitational force of Si* 
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lyCt US assume that the eccentricity of ilie hyperbolic orbit described by Sg 
relative to Si is c. Then the equation to the orbit will be 

Mi+ M. 

^ i-t-ccosS' 

where h is the areal constant determined later on. At any instant 
velocity = 2 ^2,92 

/aOMj+M.) , (M, h-M4-(?-i) (13) 

= V ■■■ ■" ' ii^~ ■ 

If the hyperbolic motion of S2 relative to Si bej^ins when the former is at a 
distance from the latter and the velocity of relative to Sj at that instant be 
Rb, then w^e have 

^ j — 2 (M I + Mo) ^ (M 1 -r M 2} ^ I J . . (14) 


^ (Mj + 

Mi+Mi! 2(Mi + Ma) 

Rh ^ " “ j 


hence (12) can be written as 


(e^-i)(M| +M 2 ) 

- 2(M3 + Ma) 


1 + e cos B 


Let the shortest distance between S| and Sg be di. Then 

rf- = (e-j)(Mi +M a) (6i=o). 

2( Mi+Mg) 


Therefore 


Mi+Ms t 1] I 


_ (e + i)di . 
I + e cos B ’ 


== 2(Mi+M2) + I k"j - alMi+M g) I 

5= 2(Mt +M2) ^ (Ml ^ 
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where Rb is the velocity of S> relative to at aii> iublaiit when the funner is 
moving on the hyperbola {19). 

As long as the star is moving towards Si, it will move on the hyperbola 
Si ccifiecl by (jg) but when S2 is at the shortest distance from Si there may be 
exchange of material in the case of the grazing collision and in case of an 
encounter the tidal forces may alter the velocity and the motion may be 
modihed. Hence we assume that tJie hyiierbolic orbit (19) ceases at the perihelion 
of (tcj) and $2 proceeds along a different hyperbola. If we father assume that 
this modified hypeibolic motion ends at a distance I2 from St when vS2 is moving 
with a velocity R relative to the former, the equation to the orbit will be 


^ _ (e, H- i)di 

1 + c I Cos 0 


(21) 


and 


IV ,1 


2 (M 




2(M, :1-M (M, H Mo) (e, -i) 


(22k 


r d} 

where ci is the eccentricity of the new orbital hyperbola and Ra the velocity 
of So relative to vSi at any instant on it. 

Hence the loss of the kinetic energy * ^ 

= 4 M,M.2 ~ ] ... (23) 


Mj^MdV / 1^2 h / 


This kinetic energy is supposed to be utilised in the formation of the planetary 
ribbon. Rut later on it will be seen that a major part of this energy is utilised 
in acceleialing the motion of Mo in the three-body problem dicussed in §6 and 
the following sections. 



Diagram II 

It may \jv noted here that we have an additional term in this expression which vanishes 

when 
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In the diagram 11 when S3 is at Si" it is nearest to Si so that Si 83" = ^] . 
Sa' S3" and S3" Si'" are the branches of the two hyperbolas assumed in (rg) 
and (21) where S3' and Sa'" are the positions of 83 where its hyperbolic motion 
relative to Si begins and ends respectively, bet T be the total time during which 
the hyperbolic motion lasts. Then 



(Mi + Ma).' 



+i)’r'" 

H-t’cosl^)* I {i + eicos^)* 

0 


where 


-1 I i(e + T)rfi ) 

i=cos ^ 

Lm L 


aud 


^o=COS ^ 


I i (<?i f i)cfi 

ci)'-V— ^ 


Now to simplify the calculations if we assume that Ii-hz — l (say), c = ei = i 
(the justification of this assumption is given above), we have 





./_Bj 




(24) 


where T' is the total time during which S3 is within the distance / of Si. 
Similarly the time T" taken by S3 to move from one end of the latus-rcctum to 
the other of the parabolic orbit will be given by 


3 

TJ 

3 V M j -h Mg * 

also the time taken by S2 to move from one end of the 
pOLitioii (r, 0 ) will be given by 


(25) 


iatiis rectum to any 


T = 


y/ 2 , 
3 


I 

V M 1 + M 2 


i 2 di’^r) s/r — di 



(26) 


Case I : Let 


Ml —Mg — Mg , 


and 

Then 


and 


Case II : Let 


J I = 10 astronomical units, 

di = i/40 M ,, , 

r =1/2 

T' = 3'5 years (approx. j, 
T"-I5 hours ( ,, ), 

T — 169 hours ( , , ) - 

Ml = 2 M 0 , Mg = 8 Mg , 


and 


/=io astronomical units, 
d 1 — I / ^0 rt I , _ • 

r—X/2 II II • 


II 
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Then T' = j ■ s years (approx . ) 

T" = 6'5 hours ( ,, ), 

and T = 76 hours ( ,, )■ 

We sliall refer these cases as case I and case II everywhere in the following 
treatment. 

In the case of the hyi)erbolic motions, the time would be comparatively 
less. Also as we increase the masses of the stars the time decreases rapidly. 
As a matter of fact, T varies inversely as the square root of the sum of the 
masses of the two stars. 

We shall now study the phenomenon of the production of the tides in 
Si under the action of S^- Let us now imagine that the latter is at a distance 
d from the former. In such a position the heights /ij and /12 of the tides in Si 
at the points nearest and farthest from S2 would be given by ' 


M., Rt 


M., Rt 


d d- 


A A 4. A 


at the nearest pole. 


at the farthest pole, 


where A’s are certain numerical constants. 

Similarly the maxinium contraction in Sj will be given by 


Ml d' 


A2-I A4 


at the equator. 


To the first approximation we may put 


, 1 Ms Rf A 

mT* 


1, _JL Ms Rf A 


and hence 


/fi = 2/73 . 


In the following tables the heights /ij of the tides have been collected for 
different polytropic indices and different values of d : 


*Case I 


Taking Ri =R0 = 7/1500 astron. unit. 


* Jlere n is quite different from the « used in §2 to §4 to denote — . 

M, 
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(f (as^on, 
units). 


war j 

n- 

= ^•5 

n- 

^2 

n 3 



1/30 i 

1 

21.7 

10 “” 

18.7 

10 “ ” 

i6.« 

1 

icr ” 

15-9 

10"" 

14.7 

10“ " 

i/ao 

6.2 

10"” 

5.3 

10“ ” 

4.7 

10- ” 

4*3 

lo“" 

4.2 

10“ " 

i/io 

0.7 

10"” 

0.6 

10"® i 

0.5 

10"" 

0.48 

10 * 

0.47 

10“ " 

1/5 

0.9 

icr^ 

0,8 

10“^ ! 

0.7 

10' ’ 

0,6 

10“ ■ 

0.6 

10"’ 

3/10 ■ 

0.3 

io ' 1 

026 

10 

0.23 

10' ^ 

o.ao 

10"’ 

0.20 

lo ’ 

^/5 ' 

O.I 

10“'' 

().Q 7 

ro""' : 

0.86 

10" " 

0,77 

Id"" 

c '-73 

io“" 

1/2 

5 -^ 

icr « 

4‘9 

10" “ ; 

4-3 

TO"'' 

3'9 

10“ ” 

3.8 

10“ 

J 1 

f ).7 

10 

0-6 

10“ " I 

0.5 

Id"'’ 

o./]8 

10“ ® 

0.47 

.S 


10“ » “ 

4-9 

j 

4-3 

J0“ ^ * 

3*9 


38 

10-*^“ 

lu 

0.7 

rt» 

0.6 

icr ‘ ^ 

0.5, 

Ifi" ' “ 

o. 4 « 

0.47 

10-’" 


Case II : 


Table VII 

= and Ra^^Rg^. 


(ftstron. 

units.) 

n = I 

ir 

= T .5 

n 

! = 2 

n 

-3 

fl 

-4 

1/30 

1-39 

10“ 

T.ig 

i« r ” 

' 1,07 

JO' a 

1.02 

10“ '* 

0.94 

ID 

I '20 

0 4f> 

10 '* 

0.34 

10“ ’* 

1 0.30 

10 * 

0.27 

If) '' 

0.27 

10 * 

l/io 

/)/) 8 

10 " 

38.4 

10"'' 

I 32.0 

10"" 

! 30-7 

10'” 

30.1 

JO" ” 

J ^5 

576 

10 ’ 

51.2 

I o' ’ 

i 44-8 

JO“’ i 

1 

1 38.4 

10“’ 

,38-4 

10“’ 

3/10 

ig-2 

10"’ 

16.6 

10 ’ 

14.7 

10“’ 

i 12.8 

10“’ 

12.8 

10“’ 


70.4 

10 ® 

62.4 

10 * 

55-0 

IO"'' 

40.6 

10"^ 

46.4 

fo' “ 

1/2 

371-3 

10“ ” 

313 :<» 

10"'* 1 

1 

275.2 

TO' ” 

1 

249-6 

lO" 

243.2 


I 

44,8 

IQ-W 

38-4 

10"” j 

33.0 

10'” 1 
j 

30-7 

10“ “ 

30.1 

10’ 

5 

371-3 

10“'® 

313-6 

10“** I 

275-3 

10“ * ® ; 

249.6 

10”*® 

243.2 

10“*® 

10 

44.8 

10“** 

38-4 

10-'* j 

32.0 

10“ * * 

30-7 

10' 

30.1 

10“ 


P'rom the above tables we know that the maximum tides are generated 
when »i = i ; hence we shall consider the case n—i only- 

lyCt the maximum heights of the tides generated in Sa be given by h'l where 

* Ra * R| ^ 


fe',= 


Mt Ri 

Mo ' d” 


3 
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Now the distance between the distorted surfaces of the two stars would be zero# if 

d = Kj + //-i + Rg -f 


=Ri + R2+~-** • • A 2 + Av A 

"j d’ 


* 




Knowing R], Ro, Mi, Mo anri A’s we can determine d from this. We find 
that the distorted surfaces would touch when 

Case / : d= 1/100 astronomical unit. 

Case TI : d = iljO ,, ,, . 

Thus in the case I the tidal elongations of the distorted surfaces touch each 
other when the distance between the centres of the two stars is about i/ioo 
aslron unit and in the case II when the distance between them is 1/30 astron. 
unit. If the distance between them be less than what is mentioned above, 
there would be a colliding action between the materials of the two stars. In 
case I as w'e assumed the shortest distance between the stars to be 1/40 astron. 
unit even at the perihelion of the relative 01 bit, the tides would not touch each 
other. In case II, the material contact or collision lasts as long as the stars 
remain within a distance of about 1/30 astron. unit of each other, but it must 
be remembered that mere material contact docs not ensure the conditions for 
ejection and disruption. 

We shall now study the effect of the relative motion of the stars on th'c 
phenomenon of the tides For the sake of simplicity we shall regard S2 at 
rest and Si moving relative to S2 for the time being. Here il is to be noted 
that the stars are assumed to be non-rotating. 
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In the diagram III vSi'^' is the perihelion and S/' and are the ends of the 
latus-rcLluni. The complete circles represent the sections of the star s undisturbed 
surface by the relative orbital plane, whereas doited figures represent the sections 
of the star’s disturlied surface if in every position the tidal forces have got suffi- 
cient time to produce the tides. 

For any possible formation of the planets, it is necessary only to study what 
becomes of the planetary ribbon wJien the stars begin to recede from each other 
after the closest approach. 

During the short interval of a few hours (15 hrs. in Case I and 6.5 hrs. in 
Case II) the star Si moves from the position vS/' to Si^'’ tlirough S/'. A^A/, 

A2 A2^ A;, A;/ stand foi the same diameter in the three positions of the star since 
we have taken the star to l)e non-rotating. During this time the tidal forces 
change directions two limes (which may be noted at once by marking’ the direction 
of the tidal forces at any point such as A or A'/ and also the points of the maxi- 
mum tides sweep over the whole section of the surface of Si by the relative orbital 
l)lanc. When the star is at Sj", Ax is the point of the inaximum tide and the 
material situated at Ai moves towards rfi, but before the tidal material has moved 
over any considerable distance, vSi moves to vS/" and the direction of the tidal 
force at A3 is reversed ; the matter is given acceleration in the direction exactly 
opposite to the i)revious one and the material at A3 tends to move towards 
nullifying the previous motion. But before the material at A3 moves any 
considerable distance tow’ards the star Si moves to Sx*'', once again changing 
the direction of the tidal forces. Thus we can see that tlic motion of the tidal 
material will be more or less oscillatory, l)iit its amplitude would be much less 
than the maximum elongation possible under the circunistance.s. Thus it can be 
seen that as long as the star is between Si'' and there is little or no chance 

for the formation of the planetary ribbon. 

As we have calculated above, when the di.stance between the stars is greater 
than 1/100 astron. unit in Case I and 1/30 aslron, unit in Case II, even if it be 
jiossible for the tides to reach the maximum heights, they would not be able to 
touch each other and thus no planetary riblion would be possible after the star 
has o^-ossed the position as we have taken 

SvBi'"' =^1/20 astron . unit. 

In order to satisfy the condition for the ejection of the material from Si 
sufficient for the formation of the planets we have to take S3 to be very massive 
(rather unusually massive) as pointed out by the calculations in '^2, §3 and §4. 
We have considered these two hypothetical cases because the previous workers 
(named in §1) have given much discussions to tliein. If w'e consider the masses 
which are required to ensure the conditions for the disruption and ejection of the 
necessary material the times calculated in these two cases are furthei diminished 
and the star Sx takes much less lime in moving from Si'' lo S/'. Not only this, 
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the actual liyiierbolic motion would be much faster and the calculated times would 
be further decreased. 

Thus tliere seems to be absolutely no possibility of the formation of the 
desired planetary ribbon by a close encounter or the grazing collision l)etween the 
two stars of usual masses. 

? 6 . Tet us now examine the hypothesis mentioned in “that our 

sun might have been a binary star having a companion and 

that the collision between this body and a passing star broke the comijanion into 
frag'mcnts from which the present jdauets were developed.” Once the conclusions 
of the two-body jjrobleni discussed above are accepted it would seem that the 
discussion of the following three-body problem is superfluous because the forma- 
tion of the planetary ribbon is fundamental here also but a slight con.sideration 
would show that the nearness of the third star would alter the situation to a 
great deal and under the action of the sun and the intruding star the disruption 
of the companion .star may be facilitated. Hence it is necessary to discuss this 
aspect of the tidal problem dr novo. 

Let us assume that the masses of the sun, tlsconipanion and the intruding star 
are Mo, M, and respectively and that (1 is the centre of mass of Mo and Mj. 

Let us choose our axes in space with fixed directions. Let the coordinates 
bf Ml, relative to M, be (.v, y, z) and those of Mo relative to C be 'xi, Zi), 'then 
the motion of Mo relative to Mj will be given^ by 

dS ^ Mo + M, 8V . M„ + Mi jiV . ^ 

dr- MoM,' ■ ’ df MoJWT ' h' ’ MoM, ’ fe 

and that of Mo relative to (1 will be given by 

Mg-HVIj+Mo JV , dy, _ Mo + MoH-M o «V . 

dr MorMo + Mj'«A-, ’ d? Mi(Mo + MS 'hi' 

d"2, ^Mo + l^Mo jy 

d?' Mo{Mo + M,) ■ Sx, ’ 

wdiere the gravitational potential V is given by 

_ M^olVli MjMo MgMo 

>'o»i ti,2 r^io 


and 10,1= distance between Mo and M,= 
distance between M, 


r2,u= distance lift ween Mg and 


L and Mo= a/ 5 (x, -l- ) , 

Mo= ^ ■ 

Vi* \ ^0 Ml J 
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Here it is now evident that V is a function of ^ , .v, ; ; Xj, 
Therefore dV = S P~dx + ^ P dx,. 

OX‘ l/l. 


Hence S 

di Mq + M] *1 i/i= df" dl M() + 51] ^■ Ma xi, j/j, ij di^ di 
Integrating we have 


1 M-oiMj ., 2 _|. 1 Ma (iVlo + Mi ) ,2 
"“Mo + Mi ‘ ^Mo + M, + Ma 


V + constant, 


(a?) 


where v is the velocity of M„ relative to M, and r' is the velocity of Ma relative 
to ('.. We have now to determine the constant. 

Ivet us measure the time from the iu.stant when was at au infinite distance 
from G and assume that the velocity of M2 relative to G at that instant was • 
Let us further assume that at that instant M„ was describing a circular orbit 
relative to Mj with a radius a. Therefore 


constant 


M2(M„h-Mi» ^,,2 _ , MoM, 

Mo+Mi + M^ ‘ u ' 


since the distances i2,u and ij,2 were infinite initially and the contribution to V 
by the terms involving these distances can lx? neglected. 

Thus we have at any .subsequent instant 


. MoMi „2 , 1 M2 (Mo + Mi) 

^ Mo + M. ^ M2 Mo + M. + M2 ‘ '■ *-■' 


Kquation (2^') may be regarded as the cni'ff:y cqualiov. 


vy. After the collision between Mi and M2 is over, a ribbon is sujtposed to 
be formed between them. Luyten has suggested that “ the capture of this ribbon 
by the sun is not instantaneous and since the portions of the filament most 
favourable to capture are balanced precariously around the poin I of equality of 
the attractions of Mi and M2, it would seem that the capture cannot take place 
until the attraction of the sun on the filament is considerably greater than that 
of either of the parent stars.” Jt is quite apparent fiom this that it is 
necessary for the sun to move roughly parallel to that portion of the filament 
which is most likely to be captured for considerable time. Now the filament 
Would move in the plane of the relative orbit of Mi and Mg and hence 
the sun should also move in the same plane. This is not possible unless 
and until the orbital plane of Mo relative to Itl, and that of Mjj relative 
to Ml actually coincide before and after the collision. If w'e take the orbital 
plane of M2 relative to Mi as the x-y plane, then in the equation (28) the velocity 
V and 'c' reduce to velocities in the sanie plane and hence z is to be taken to be 
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zero everywhere. It may also be mentioned that at tlie middle of the collision, 
the sun slionltl move, j^arallel to the middle of the filament and hence more or less 
parallel tt> the star Mo. .. " 

When has come ccjnsiderably near to the Inuary system, the circular 
nmtion and the distanee tKd\veeii the sun audits companion are bound to be 
disturbed. J^et us assume that at some instant the distance between Mo and Mi 
is U and that it is moving; with a velocity v lelative to Mi in the direction which 
makes an an^le ft with tlic straight line joining Mi and Mg. Then the velocity 

of ('it at the instant relative to Mj would be in the same direction as that 

Mo ^ M I 



Diagkam IV 

0 


(jf ilie motion of Mo (^c?e diagram TV). J^el ns assume that at this instant Mg is 
moving relative to Mi with a velocity R], and in the direction w’hich makes an 
angle with the straight lim- joining Mi and Mg. Then the velocity of Mg 
relative to (1 would be given by 


^Mo + Ml j Mo + Mi 


(29) 


w here « -f ft is the angle betw ecu the directions of motions of G or Mo and Mg, 
each relative to Mi . 

As has l)cen pointed out above, at the middle of the collision, Mo must move 
parallel to Mg and hence a~h ft^n at that instant. 

^ In order that the collision between Mi and Mg may take place, they have to 
eome so near each other that the motion of Mg relative to Mi may be assumed to 
1)c solely conditioned by M I for some lime before the collision. Suppose that 
when Mg is at a distance /i from Mi, it begins to describe hyperbolic 

orl)i1 relative to M] entirely under the influence of Mi with a velocity Rb 


(> V I 'J he equation to the orbit, the value of t' and Rb , the 

velocity at any instant would be given by the equations (tq), (i8) and {20; 
respectively. 
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§ 8 . Let us now investigate if it is possible for Mo to continue its circular 
motion relative to Mi right up to the instant when Mo is at a dislaiice / j from 
Ml and is just beginning to describe a hyperbolic orbit relative to entirely 
under the influence of the latter. Now /j is so small tliat tlie attraction of Mj 
on Mu is appreciably greater than the attraction of Mo on Also in order 

that Mg may not collide with Mo and that the hyperbolic motion of Mu relative 
to Ml may be possible, Mo ought to be clearly out of its way, /.e., 0, the angle 
between the line joining Mq and and tliul joining Mo and M| during this 
time ouglit to be greater than :r/ 2 and less than and tlie most favoural)lc 

case is when (p — n. In this case /] may be taken sufficiently great, say of the 
order ai, at least. For definiteness we assume that li-2u. 

Now a is the angle between the radius vector and the tangent to the hyper^ 
bolic orbit of M2 relative to Mi and hence is given by 

.= 

2ac sin 


tan 0L= 


where «o is given by 


2a 




_ (f + 1)^1 
I + e cos ti 


0 


Siu ao= V, _ J 201:11+1)^1 


iue 


and therefore 


tan a = 


(c ‘1- ijdj 


V - {2n " (e + j)<if 1 

We have 1 ^^-- as the orbit of Mo is circular \\ith res])cct to Mj and 


(f 


also 


V = i 4. 

a '2a 3a 


since 0=?r. 

Let vi' be the value of ■v'in this position. 


» Let the equation to the hyperbola be r- ™ — Tn Cartesian co-ordinates this re- 
duces to y*- -0. w ” of the tangent at a point (a ^ ( os a„ a , sin aj is 

given by tan «, the angle between the radius vector wml the 

a I sin a^^ 


tmgent =*-«„=tan- »tan-' - .4 - 

r + tan®tanfto flf'csma„ 
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vSubstituting these values in {28), (29) and (20), vve have 

MqM , I , MaiiVlo I M,_) ,, j MpMi MjMa^ MgM,, 

20 Md + Mj+Ma ‘ I a 20 3a 

1 -i-Mi ) ,2 _ 1 MoM| 


or 

, M, 

<(Md 

' iMi) ... 

*7’ 1 — 





“ Md 

' M 

' M, ' 

'Mo ' M, 

i M._. ‘ ' 2,( ’ 

Vt 

anti 

■r'-f- 

Ri, 


1 

/' Mn 1 M 

' +_--:AU!_. Ri, 

\ ^ .Mo .L’^ij 



1 Mo I M| 

\ 

M„ 1 M, 

(f 

as 


TT 

' j 





where 



Ian <* — 

(r + 






V 

4u'‘^('-~{2a 

-((• I- ])(ii y-^ 





(:u) 


or 


V^£j_T Cfj 


(32) 


and 


M,+M2 

••• (33) 


(» 

di 

Knowing d], 

-i’'oo, Mo, Ml and M2, 

we can calculate c from (30), (31), 

(32), and 


(33) and thence wc can tlnd out Rb and v^j. 

A. critical study of tliese equations (30), (31), (32) and (33) shows that in 
ordinary circumstances there is absolutely nothiin^ against assuming that right 
up to the commencement of the hyperbolic inolion of Mg relative to Mj at a 
distance of 2ti from M|, Mo, which is describing a circular orbit relative to Mj, 


is moving with the velocity 


^Mo-t-Mi 

a 


fp may be taken to bc-fr. 


Now the problem reduces to the following stage : — 



Diagram V 
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Mn is describing a circular orbit relative to M] with the velocity 




and is situated on the straight line joining Mi and M2 as we have taken 0-- tt. 
M 2 is at a distance 2a from M| and it just coniniences its hyperbolic motion 
relative to Mi entirely under the iuHuence of the latter with the relative velocity 
Ri, ; the eccentricity c of the relative orbit is known. 

Now the theory requires that Mj is ionized from Mn due to the encounter 
and collision and hence at the middle of the collision Mo niust pos^^ess some 
velocity greater than the parabolic velocity at its position relative to M 1 ; for, at 
this instant, the tidal forces on Mi reach their maxinmm and thus this situation 
is the most favourable for the ionization. We shall suppose that at the middle 

of the collision, Mq has got a velocity equal to k V where i< ^ 


and ti\ is the distance of Mo from M| at that instant. 



Diagram VI 

V- + . 

where ^>i is the angle between the lines of centres of Mo, M, ami M,, M-j, 
=: square of the velocity of M2 relative to Mi in this position 


H- ( Ml ^IsQjc-i) 


V ^ “ 


di 

2 (Mo ^^Mi) 


(supposition), 


from (20) 


a — o, 

v'2 = square of the velocity of M;. relative to ('. in this position 


( 3 'l) 

(35) 


_t,o _.r 

.^''1 + «i Mo + Mi “1 


.. (36) 


4 
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and ' («2- + ^2 + %^^.! 

U) “Mo + Mj + Ma 2a 


.MiMa 


MaMo 


+ 1 MalMp + M 


( 37 ) 


d] Vaif + dif - 2aid|Cos0, “ Mo + M1+M2 w ’ 

from (aS). 

Making use of the value of e, as determined previously, in {34), (36) and 
(37)1 vv*; can obtain an equation involving M()> Mi, Ma, x, ui, r)'«, di and a. 

Assuming values for Mo, Mi, Ma, a, d) and v®, we shall have an equation 
between k and a , . From this we can investigate if it is possible to have any 
value for iij of the order of 10 to 18 astronomical units (the distance between the 
sun and the major planets) for some reasonable value of k ^ 1. 


§9. NUMERICAL CALCULATIONS 

Case I : I^et us assume that 

Mo = Mi=*Ma = Mo mass of the sun 
dj = 1/40 astron. unit 
a ib ,, ,, ,, 

t' 00 = 70 Km. /sec, = 7/3 units/sec., 
where / unit = 30 Km. 

Substituting these values in (30), (31), (32) and (33), we get 


a/ ^ unita/sec. 

12 

••• (30') 

V e + 1 

sill 7===^ * 

i 440 \/e — i + f^o 

(32') 

'R? = 8 oie-i+ 

(35') 

1 720 j 

r _ 769 _ V C + I 

__ ••• (31') 

1 720 . 4320^80- 


Therefore 


’ = 1.068 (approx.) 


and R* = ~-^ units/ sec, 

3 • 

Making use of lhe.se values in (34), (36) and (37), we have 

— V 165.44 units/sec. .. 


. a/ , ..K** 25+724 

Vs'= V 165.44 + “- 


65.44 + ;- x 

V ai 



Origin oj Solar System 


279 


-^,5? k + i,.,6= 
®l <1 ± 03 V fli ‘ ^ 


positive or negative sign being taken according as is equal to ir or o. 

Equation (3/) defines a relation between k and aj. The values of a, for 

differenl values of k have been tabulated below 


Tam.e VIII 


K 

With-f sign iti (37'j 

With —ve sign in (37') 

I 

>(.K>lJ<a^< '0012 

.042 < a, < ,043 


.49 <«)< 'SO 

•Sr <o,< .53 

2 

i.« 3 S <a,<i't>9 

‘033<a,< .034 


.07 <ai< 08 

i.io <ai<i.ii 

3 

j.gg <ii[j<2'oo 

12.04 <«Jfi<2.05 


.'.i 97 <cii<' 2 gB 

.024 <a, <.025 


Case 11 : Let us assume that 


M„ = Mgx Mi=2Mo, Ma = 8MC;), 

Ro = EO, Ri = 2RO, R2 = 4Ro 

We have taken Rj and R2 such as to give sufficient densities to M.j and M2 so 
that ultimately a ribbon of sufficient mass may be formed by a mild collision 
between Mj and Ma (if this be possible). If they are taken large, then to 
produce a ribbon of desired mass, sufficiently deep collision will be re(|uire(l ; 
here we may put 

= astron. unit (R1 + R2 > astron. unit) 
and v'a, = 70 km. /sec. = 7/3 units/sec. 

Then from (30), (31), (32) and (33), we have, as in the Case 1 , 

e= 1. 014 (approx.) 

a.n4 Rft = y 5.876 units sec. 

Ileuce we get 

( 2 . 73 K ®- 2 )--— — +221 = 20.12 K a /^ ... 

the positive or negative sign being taken according as is put equal to ft m o. 

The values of ai for different values of as obtained from (37"), are tabu- 
ated below : — 
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Taui.k IX 


tc 

with 4 - 1 (' sign in {37"') 

With - VC sign in (37 

1 

(i<joo2<a < .i.>o 03 i 

.QUO <a,<.‘’oo4 



.0044 > a , < ,0034 

.04 <fl,<.o5 

.12 <fi,<.i3 


<((,<' .tK»9 

.037 <t7i< 038 


V 

cc 

.203 <a,<.204 


a , = .03 

.033 <a,< 036 



.38 <a,<.39 


iijio- Conclusion i—Iii sections 5 ;^ to §5, we have seen that even in the most 
favourable situations, there is little or no possibility for the formation of the 
planetary ribbon due to tlie close encounter or the grazing collision between two 
stars of usual masses. 

'J'ables VJI and IX show that for every value of k (from i to 3) the 
corresponding values of (I I are very small. Of these the admissible values are 
only those which satisfy the equations of conservation of angular momentum also : 
but whichever value be selected, at the middle of the colli.sion between Mi and 
Ma, the sun Mo would come so very near to Mj.> ^^*wd hence to Mg that a collision 
or a very close encounter can hardly be avoided. 

In view of the above facts, wc can say that no existing tidai theory can 
satisfactorily explain the origin of the solar system. 

?ir. In the end I wish to expre.ss my very respectful thanks to Proscssor A. 
C. Hanerji for his keen interest during the preiiaration of this paper. 


K < ) T li 


A mouth after writing this paper, the important work of Dr. Spitzer was 
pubhsk.ed in the December (1939) issue of the Astrophysical Journal. From 
astrophysical considerations Spitzer has proved that even if the desired plapetary 
ribbon is assumed to be formed by a close encounter or a grazing collision between 
two stars, it will be dillused in space without giving birth to the planets. In the 
present paper the author has shown from purely dynamical considerations that 
no planetary ribbon can be formed . Thus from entirely different considerations, 
Dr. Spitzer’s work also supports the fundamental conclusion of this paper that 
the existing tidal theories are unable to explain the formation of the solar system. 
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ON THE iNTENSlTY VARIATIONS OF THE DOWN-COMING 
WIRELESS WAVES FROM THE IONOSPHERE# 

ByS. R. KHASTGIR, 'D.Sc. iEdin.). Mem.I:R£. 

Dacca University 

AND 

ANIL KUMAR RAY, M.Sc. 

{Rccived for Publicaiiorit June 19, 1940) 

AASTrAoY. Exp^rtwicnts al'e described wJth dn afeVial i^ysterii for'suppressing the* '^cund- 
wave; . Aftev having fatppre.siied the ground-wave/ itfhe variWitins erf the intmaity of fhe^d'cAvn- 
I'ornitig 5\ireless waves were.fitudic‘d...T}pii;al.eoijtJiuiaus records 'o£ the vanation$ erf the intensity 
of such waves are presepted- It,, has been shown tJiat 5liie-Jiti’*;-''arjatio|i.of:tlie.,apip)itudf; pf .the 
dowp-coming waves is consistent with Rayleigh’s fqnpukfor random scattering. Xhe amplitude 
x’ariation can therefore he explained’ a.« due to the interference of waves scattered from a series of 
diffracting centres at the ionosphere. 

The most 'probable value of the amplitude of the dowti-coming wBt't'' as obtained froln ' thl- 
experimental data on the intensity variations erf the same wave was compared with the amplitude' 
of the ground-wave Itetwcen Dacca and Calcutta, the ratio of the ' vertical electrical force.« 
produced by the ground-wave and the ^wn-coming wave was thus estimated, ■ \ 


I, 1 N T R 0 T) U C T T O ;N 

Appleton and Ratcliffe’ had previously shown that in the case of reception 
ol wireless signals on a wavelength of about 300 metres at a distance of about 
130 km. the observed signal variations were due chiefly to variations in the 
intensity of the down-coming wave. They had also concluded that the varia- 
tions in the phase relation between ground- and sky-waves were a secondary 
cause of fading and that changes in the angle- of incidence or polarization of the 
dot\ 11 -corning waves were not responsible in any marked degree for signal 
variations. Working on wavelengths between 200 and 500 metres for distances 
of transmission less than 200 km. Ratclilfe and Pawsey * subsequently made a 
study of the intensity variations of the down-coining wireless waves. Considering 
the possible causes of intensity variafions in the light of their experimental results, 
they suggested that a major cause of “ fading ” was the interference at the 
ground, of waves " scattered ” from a series of diffracting centres distributed 
over some area in the ionosphere. In fact they observed lateral deviations of the 
wireless wqves after reflections from the ionospheric layers. Inirther experi- 


• by the Italian Physical Society. 
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Jiients by Pawsey’ confirmed these conclusions. He showed tliat the time- 
variation of the amplitude of the reflected wave was consistent with the idea of 
random scatteriiiK at the ionosphere. « 

I'he object of the presenl investigation was to imdertakc a study of the 
variations of the intensity of the down-coming Wave < riginally coming frmn the 
Calcutta V.fi.C. station (A = 370.4 m.) and received during the night hours at 
Dacca and to test u hether tlie ol^served variations could be traced to similar 
random scattering at the ionosiihere. For that purpose in view it was necessary 
to have the groond-\\a\'c suppressed. 

RK(HIVIN<; SYSTEMS !■’ O R THE ATMOSPHERIC 

W A V K 

. (rt) Aerial system ; 

The aerial system used in this investigation was similar to that used by 
^tclilTa and Pawsey*. The system was a combination of a vertical aerial \Vith a 
triangular loop aerial with only two turns having its plane (which was vertical) 
lying in the direction joining the transmitter and the receiver (Calcutta and Dacca). 
The two aerials were coupled as shown in fig. i by way of a variable mutual 
inductance M between two suitable coils Da and each one being in series 
with each of the two aerials. The two coils and the vertical aerial tuning^ con- 
denser Ca were contained in a properly shielded box. The antenna effect in the 
loop was eliminated by arranging the loop circuit to be perfectly .symmetrical 
and earthing the mid-point as shown in Ihe figure. 



FltSURIt I 
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{b) The Receiver : 

The receiving set which was of a regenerative tyi^e consisted of a IT.F. 
amplifier, a detector and two amplifiers, (Fig. 2.) The regeneration was 
controlled by a variable condenser. A reflecting moving-coil galvanometer was 
placed in the anode circuit of the detector valve. With the help of a low tension 
battery and a variable resistance, the no-signal anode cuircnt through the galvano- 
meter was balanced out. After suitable adjustments (to be described subse- 
quently) of the siipprcssed-grouud-wave aerial system and carefully tuning the 
set and adjusting its reaction condenser, the deflections produced in the balanced 
galvanometer due to the signals were noted. The zero reading was taken on 
bhorl-circuiliiig the tuning condenser. A loud-speaker was placed as shown at 
the output end of tlie receiver so that the signal could be lieard simultaneously 
with the deflections produced in the balanced galvanometer placed in the anode 
circuit of the detector vaive. 



Figurk 2 

3 THEORY A. N D METHOD OR 0 ROUND-WAVE 
SUPPRESSION 

Let the' down-coming wave incident at a« angled have a cotnponem of the 

elcaiic force Ei in the plane of propagation and let the electnciieWof the 

5 ^ 
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ground»wave be given by Eo* We shall denote the corresponding magnetic 
fields by Hi and Ho. The angular frequency of the fields is denoted by p. 

If Eu represent the e.m.f. induced by the wave in the ioop-circuit 
of the suppressed-ground-wave system and E* the e.m.f- in the vertical aerial, 
tlren when the ground-wave alone is present, we have 


E..= 


an., 

‘ dt 


-jPdlRa, 


where « and |8 are circuit constants and E, = hE,„ where h is the vertical aerial 
height. 

Here a, ^ and h are all real quantities. 

If and are respectively the complex impedance of the loop and the 1 
equivalent series circuit of the vertical aerial, the current in the loop circuit is 
given by 


ii’Eo 



Zr, 



(l) 


If now the value of M is adjusted so that 


the ground-w^ave will be completely suppressed. This condition means that the 
vertical aerial circuit should be tuned. Suppression is, however, independent of 
the tuning of the loop circuit. 

The adjustemeuts for the ground-wave suppression were made during the 
day when the ground-wave alone was present. The adjustnients consisted in 

fi) accurately tuning the vertical aerial after having disconnected the loop 
and also tuning the loop separately w'ith the helji of the shielded tuning condenser 
and in 


( 2 ) varying the mutual inductance M after restoring the original connections 
of the aerial system, till there was no current in the balanced galvanometer and 
no sound in the loud-speaker. 

During the night, when the down-coming w'ave is present, the loop-circuit 
current is given by • 




h. = 




7 -H 


(3' 


(The ground-refectipu coefficient for the medium waves is taken as unity.) 
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Under the condition of ground-wave suppression set out in (2), viz.. 




M.h 

Z. 


we have^ tlit'refore, 




Sin /) 


Zl + 


z7 


(4) 


Thus the value of Ei could be determined in terms of the loop current it, which 
again could be derived in terms of the deflection produced in the balanced 
galvanometer of the receiving set. 


4. T E vS T ft l<' O R (; R C) U N D - W A V 1C S IT V P R K ft ft I O N AND T H K 
RESPONSE CURVES OK THE AERIAL SYSTEM 

Tests whether a zero signal was due to a decrease of sensitivity or to the 
desired balancing of Ju and Er. wore made as follows : 

(a) A juithci incicasc of M caused the signal lo reappccvi — 

This showed that the zero was due to a balance of Ea and Ej., otherwise the 
signal would continually decrease with further increase of M. 

(b) On icvcrsing M w'ith the help of a commutator arrangement x (show’n 
in figure i) a rclaiivciy large signal appeared. This was also an indication to 
show that the observed suppression was due to the desired balance. 

The sensitivity of the suppression arrangement is shown in figure 3. The 
deflections of the balanced galvanometer of the receiving set were observed for 
the different dial readings of tlie vertical aerial coil. In the actual arrangement 
the loo]) coil was kept fixed and the vertical aerial coil vn as tilted to vary the 
mutual inductance betw-een them . There was no deflection in the galvanometer 
when the dial reading of the vertical aerial coil was 72, 
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5. THB CALIBRATION OF THE RECEIVING SET 
AND THE CALCULATION OF THE 
FI ELD^vSTR ENGTH 


Tlje circuit diagram of the arrangement for calibrating the receiving set is 
given ill iigure 4. A currcut-aUemialing-nnit was devised. In this arrange- 
ment a Hull-cylinder in seiies with a small fixed condenser Ci was placed in 
paiajlel with a big condenser C^. This attenuation unit was carefully shielded 
and was connected as shown in the diagram with a variable condenser C and a 
coil L which was coupled to the coil of a neighbouring oscillator. An A-C* 
milliammeler was placed in the main calibration circuit and a similar miilianimcter 
was inserted in the Hull-cylinder bianch. By inducing a large current [which 
was measured) in the main circuit and a corresponding small cm rent (which 
w^as also measured) in the Hull-cylinder branch, the curreut-attemiatioii-ratio 
was determined; or, in otlicr words, the current through the Hull-c>linder branch 
m\s known as a definite fraction of the main cuireut. 




Figure 4 

A suitable current was then induced into the calibration circuit from the 
neighbouring oscillator so that the voltage developed across the two tapping 
points (3 cm. apart) on the Hull-cylinder (from which leads were taken to the 
input terminals of the receiving set) was of such a value as to produce a deflection 
in the balanced galvanometer (On) of the receiving set comparable with the 
deflections produced by the night signals received by tlie suppressed ground- 
wave aerial system. In fact if was necessary to induce a certain range of small 
currents for this purpose- The corresponding currents in the Hull-cylinder 
branch were then evaluated. A small coil ly' was also inserted in the main 
circuit . Connections were taken from the two ends of this coil to the input 
terminals of a valve-voltmeter. The balanced galvanometer in the anode circuit 
of the valve-voltmeter gave perceptible deflections when small currents w hich 
did not produce any effect on the A-C. milliammeter in the main circuit w^ere 
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passed. From the calibration graph of the valvc-voltincter which was drawn 
for the purpose, llie values of the small currents giving rise to these deflections 
in the galvanometer of the valve-voltmeter could then be obtained. The voltage- 
drops across the tapping points on the copper rod of the Hull-cylinder from 
w'hich the leads w'ere taken out were then determined, the inductance of the 

rod inside the cylinder being given 1)y b, = loge^'" per cm., where 1< is the inner 

r 

radius of the cylinder and t the outer radius of the rod, 

'I'he deflections of the balanced galvaiioincler ((th) in the receiving set were 
then observed for a suitalde range of known ai>i)lieii voltages and a calibration 
graph drawn showing these deflections for the different voltages. 'I'his 
calibration graph wUvS utilised lor delenniniiig the voltages induced acroSvS half 
the loop of the aerial system wIiilIi produced the observed deflections in the 
receiver galvanometer (Gp) due to the constantly varying ainj)liludes of the down- 
coming wave from the ionosphere. 

The ficld-strenglli of the down-coming wave w as obtained from ; 

A^Tvf' hV “ volts/melre (8) 

A.N ./ .Ga 

where N '^uo. of turns of the wire in the loop-aerial. 

V — voltage developed across the loop. 

A = area of the loop in vSq. cm. 

Ra - total radio freciiieiicy loss-resistance of the loop circuit In ohms. 

I<A = inductance of the loop-circuit in henrys, and 
/= frequency of the waves in cycles per sec. 

On substituting the values of the different quaulities used in the present 
work, tlie expression would reduce itself to 

E= 1,94 V, (9) 

6. K X r K R I M K N T A Iv R K S U Iv T S 

Variations of the intensity of the down-coniiujiy waves 

After having suppressed the ground-wave in the daytime, continuous records 
every half minute of the deflections of the balanced galvanonieler in the 
receiving set connected with the aerial system were taken. Corresponding to 
these observed galvanometer deflections, the voltages developed across the loop 
were obtained from the calibration grapli mentioned before. From a knowledge 
of the voltages, the tield-slrenglhs were then calculated with the help of (9). 
The variations of tlie field-strengths of the down-coming weaves received on the 
nights of 10.3.39. and ij.3.39. are shown in Figure 5. 



290 S. R. Khastgir and A. K. Ray 



P'lGURK 5 

7. C O IM I* A R 1 S C) N 0 r K X P K R I M E N T A Iv R K S U E T S 
WITH RAYEEIGH’S c'a E C U E A T T O N vS 
H A ,S E I) ON RANDOM vS C A T T E R I N 

• 

If a single down-coining wave is built up of elementary contributions from 
a scries of diffracting centres distributed more or less at random in the ionosphere, 
the resultant electric field would then be produced by compounding a set of 
components of random amplitudes and phases. lyate Lord Rayleigh * deduced an 
expression for the probability of occurance of any resultant amplitude on the 
assumption of a large number of components of random phases. The probability 
is given by the expression : 
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where R* is the sum of the squares of the components and V'.dr is the probahility 
of a resultant amplitude between r and r + dr. (Here is not known.) 

The distribution of the amplitudes of the down-coming wave was found 
for each set of our observations and each of the distribution curves was compared 
with Rayleigh’s distribution curve. The whole range of the observed ampli- 
tudes was accordingly divided into a number of equal parts, each part being 
conveniently made equal to .Sk where fe = 23.3 x jo"". The number of times 
the observed amplitude was found to lie bctw^eui 1 and 1 + .Hk was then counted 
aud a distribution curve in each case was drawm showing the number of 
amplitudes lying between r and r + dr against the average value of r. The actual 
distribution curves for the two sets of observations arc showm in Figure 6. 
In one of the curves, the most probable amplitude of the down-coming wave 
came out to be 1.3x23.3 or sS/rV /metre, whereas in the other curve the most 
probable value of the amplitude was 2 x 23.3 or 46.6 MV/metre. 

In constructing the distribution curves according to R.aylcigh, the following 
procedure was adopted : 


According to Rayleigh, 


r'-* 



The maximum value of P' corresponds to R^ = 2rm. 

This can be derived by dilJercnlialing P' w ilh respect to r and putting 


dr 


Thus 


P'=i.e 

rm 



Here r„, is that value of r for which the number of observations is maximum. 
Substituting the experimental value of r», from each distribution curve, the 
values of P' were calculated for various values of r. These values were after- 
wards multiplied by a suitable constant to give the best possible fit with each 
of the observed distribution curves. The computed distribution curves giving 
the best possible agreement with the actual distribution curves are showm by 
dotted liijes in the same diagrams in Figure 6. It can therefore be said that 
the intensity variations of the down-coming wave is due largely to irregular 
scattering at i:he ionosphere. 
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8. D E T K n. M 1 N A T 1 f) N O F T TT H F I R L I) - S T E R NOTH O I? T II I? 
G R O TI N I) - W A V E AND OF T H R R A 'I' I O O I' T II I-; V R R- 
T 1 C A R R L H C T R I 0 A h 1' O R C R S I* R O I) F C R D R Y » 
THE I) O W N - C O 1\T T N G W AYR AND T H R 
G R O 11 N D- W A V R 

Having obtained an estimate of tlic ainplilnde {Hj) of llie down-coming 
wave, it was desired to obtain the value of tlie amplitude (Kn) of the ground- 
wave from the same transmitting station, so that the determination of the ratio 
Ki /Eo could be possible. 

The determination of the amplitude of the ground-wave was the same as the 
measurement of the field-strength of the Calcutta station in daytime when the 
ground-wave alone was present. For this measurement, observations of the 
deflections of the receiver galvanometer due to the day-signals from Calcutta 
were taken using only a loop aerial. After constructing the jiecessary cali- 
bration graphs, the value of the field-strength during the daytime was obtained. 
The mean field-strength of the ground-wave was found to be equal to 147.6 
//V/metre. 

Taking 28 RV/metre to be tlte field-strength of the down-coming wave for one 

set of observations on 10.3.39,-?^=^ and taking 46.6 /iV/metre to be the 

Ibi 

field -Strength foi the other set of observations on 11.3.39., ''c have =-}. Thus, 

between Dacca and Calcutta, the values of the ratio of the vertical electrical 
forces produced by the ground -wave and the down-con ling wave for these two 
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sets of observations arc 3 and 5. Prom the analysis of fading observations by 
Seiigupta and Khastgir this ratio has 1 :)een previously found to be 3 or 4. 

R K 1' K R E N C K S 

' Appleton and Ratclifle, Ptoc. Roy. Soc. A., 116, jq ((I 9 :; 7 ), 

2 RatcHffe and Pawsey, Proc. Catnb. Phil. .Soc. 29 , 301 (1933). 

Pawsey, Proc. Catnb, Phil. Soc. 31, 123 
^ Rayleigh, Collected Works, 1, 445 . 
t» Sengupta anti Khastgir, I ini. Jout. Physics^ 10, 133, 
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ON WIDE BAND-PASS EFFECT IN CRYSTALS ASSOCIATED 
WITH NEGATIVE IMPEDANCE ELEMENTS AND DEVELOP- 
MENT OF WIDE-BAND LOW-LOSS CRYSTAL 
BAND-PASS FILTERS 

By S. P. CHAKRAVARTI 

AND 

N, L. DUTT 

{Received for ptiblicathtt, June ifi, sg^o) 

ABSTRACT. The band-pass crystal filters regarded to be the best from band-width point 
of view are (i^ four-terminal lattice filter (consisting of crystals, condensers and coils» and 
(2) four-terminal resistance compensated filter. The former gives a maximum bandvvidth 
of 5 to 6 K c/p at the expense of high attenuation in the transmission band. The latter can 
give a band-width of 10 Kc/s or so with lesser attenuation and i.s only suitable for use in 
unbalanced circuits such as for coupling unbalanced tube systems. 

The present paper relates to “wide-band band-pass effect ** obtained from combination 
of crystal and stabilized negative impedance elements in two-terminal networks and four- 
terminal balanced sections whereby new means have been provided to design and construct 
wide-band band pass filters and couplings giving band-widtbs up to 10 Megacycles per second 
or more with lower attenuation in the transmission band. The best sharpness of cut-off 
obtainable in these filters is of the same order as in the two-section four-terminal lattice filter 
consisting of crystals, condensers and coils, 

The mechanism of the band-pass action and the application of these wide-band band-pass 
filttra and couplings to multi-channel radio-telephone and television systems are discussed. 


t. t*IE2 0-ELECTRIC CRYSTALS AS ELEMENTS 
IN WAVE FILTERS 

Electric wave-filters must transmit without distortion waves with frequencies 
lying between two limits say, /i and f, c. p. s., and attenuate sufficiently all waves 
with frequencies lying outside the above limits 

The "percentage band-width” is given by (/,r/i)//f»i and the "percentage 
Separation-ranges " on the two sides are given by and (s/^-'/s)//, 

where /m»mean frequency of the band, and i/« and 2/* are frequencies of infinite 
attenuation adjacent to fi and /g reapectivcly. 

At lower frequencies, a filter made up of coils and condensers can seperatc 
frequencies well because the "percentage band-width " and the "percentage 
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separation-ranse” are relativeJy larger. At high frequencies, the percentage 
band-width obtained from the same band width is much smaller and the insertion 
loss for a filter made up of coils and condensers cannot be made to increase 
faster with frequency than a certain percentage rate due to low *Q' (i e, reactance/ 
resistance) values of coils and condensers and therefore a sudden frequency 
discrimination cannot be realised between transmission and attenuation bands. 

If elements such as piezo-electric crystal resonators which have large 'Q' 
v^alues are employed, filters having small percentage band-widths as well as 
attenuating in small percentage separation -ranges can be constructed. 

It is only during last few' years that filter sections containing crystal 

elements have l)een realized in the pratical field for use in high-frequency 

systems. l,o\v-pass and high-pass crystal filter sections so evolved have been 
found to meet the requirements of the field satisfactorily, but the band-pass 
crystal filter sections are known to present certain limitations which have 
prevented their use iu ividc-band high-frequency systems. 

2. b I M 1 'r A T I O N vS O F K X I S T I N G t' R Y S 'I' A f, 

RAN n-P A vS R V I I. T E R S 

The simplest types of band-puss filters use crystal elements and condensers 
in ladder sections. The crystal elements of high Q value have been used with 
the best condensers having Q of the order of io,ooo. The effect of capacitance 
cbnnected in series with or parallel to a crystal is in the narrowing of the band- 
width. The limitations in the ladder type of sections are (i) very small trans- 
mission band-width and (2) the position of the attenuation peak frequencies. . 

By using lattice sections (consisting of crystal elements and condensers only), 
it is possible (i) to obtain a band-width roughly twice that of the ladder type 
and (2) to adjust the positions of attenuation peak frequencies with respect to 
the transmission band. The use of more than four crystals in any network 
configuration, employing crystal elements and condensers only, does not give 
larger band-width but contributes to higher attenuation in the traustnision band 
on the other hand . 

To obtain a filler section for a wider band-width at the same time maintain- 
ing advantages of sharply resonant crystals, lattice section using crystals, 
condensers and inductances has been developed”*. The comparatively lower 0 
value of coils used in such a section gives large attenuations in the transmission 
band. A still w'ider band-width with somewhat lesser attenuation can be obtained 
from resistance compensated lattice filters’ using similar elements. 

Comparative figures regarding band-width, percentage band-w'idth, percen- 
tage separation-ranges and attenuation in transmission band of some existing 
fjrpes^ of crystal band-pass filters are given in Table I. ‘ " 
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Table I 


No. 

I Type 

fiT’fi 

tKc/s) 


1 Attenuation 

1 db 


Ladder section ^crystals and 

150- 12- x/ 19-86 

( 

1 i 

1 -0017 i ‘OOI4 

I — 2 


condensers) | 

=0*26 


) 

i Two Lattice sections (oi 

65 3 -’62*7 

: *04 j .1)3 

3*5 


j condensers and coils) i 

1 =2‘6 



1 1)0. ' 

■ 499 - 75 ’-' 1 ^^‘^S 

m»05K ; '().» 

17-1, -17.5 



: -2-g 


1 

Resistance coinpc 

1 

c 

'('21 ■(>! 

is 


, lattice section 

1 10 



It will bu s<-'eii from the 'ruble 1 that two lattice sections formed of crystals, 
condcpsers and coils and connected in tandem suffer from two serious discre- 
pancies ; — (i) the maximum band-width obtained is still much narrower for most 
requirements of communication systems, (a) even for securing that band-width 
the atteriuaiion in the transmission baud becomes large and (3) the attenuation 
increases as sections are designed for higher and higher frequency range. 

The limitations stated above have been found to be removed in the n^w 
types of band-pass filters developed for high frequency radio systeins as a direct 
consequence of the "wide band-pass effect ” discussed in the following sections. 
The best sharpness of cut-off obtained in the new type of four-terminal crystal 
filter is of the same order as the sharpness of cut-off of two-section lattice filter 
made up of crystals, coils and condensers. 


3 . BAND-PASS EFPKOT IN I* 1 E Z ( >-E L R C T R I 0 CRYSTAL 
CONNECTED IN SERIES WITH NEGATIVE 
TMI’EDANCE ELEMENT 

Quartz crystal (C T) resonator cut in such a way as to have only one 
frequency of vibration and mounted between' electrodes has been used althrough- 
out. The stabilized negative impedance element (N) consists of a screen-grid 
lube operated under secondary emission condition with condenser (C) and coil 
(ba) to block the direct and high frequency currents respectively (Fig. i). The 
stability and other properties of the negative impedance element are discussed 
elsewhere and are therefore omitted here. 

The attenuation or gain in, db caused by the two terminal network consisting 
of the crystal, the blocking condenser and the negative impedance element has 
been measured by taking the input and the output voltage across the same 
impedance (AB and A'B' respectively) by means of a screened Cambridge therm- 
ionic valve- voltmeter. . ■ <-# 
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§cmu 


Figure j 

CASE I— N EGATIVE IMPEDANCE ELEMENT DETUNED 
TO THE CRYSTAL FREQITRNCY 

Since the negative element (N) (omitting the blocking condenser) is equivalent 
to the circuit ccneieting of Cj, Ls. and -R# connected in parallel where Ca= the 
total uf the aqoda™filament capacitance of the tube and the seif capacitance of 
La and — Rb — the negative resistance (at the frequency concerned), it is possible 




FHOOEB u 
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either to tune tho La Ca circuit to the crystal frequency by an eictonial sctcened 
condenser connected in parallel to or to leave it as its nsturai frequency 
{i e., detuned to crystal frequency) . 

Fig. a shows the attenuation characteristics of the crystal in series with the 
negative impedance element (including blocking condenser) detuned to the crystal 
frequency. The attenuation characteristic of the crystal, condenser (of seme value 
as the blocking condenser) and positive impedance of 50,000 ohms connected in 
series is plotted on the same sheet for comparison. 

It will be seen that the crystal connected in series with condenser and 
positive impedance gives the characteristic of a high-pass filter of cut-of frequency 


Table n 


No. 

"oR- 

in series 
(Ohms) 

(Mc/S) 1 

J 




Atteiiuatkm 
ill db. 

I 

“33-000 

7-Q-.6.7 

0.17 

0-37 

[ 1 

1 0*30 

it^ro 



-i-a 



! 

1 


- I05j0o() 

80--6.6 


0-41 

0-30 



= 1.4 



Figure 5 



S. P. Chakxavarti and N. L. Dutt 

8'9 Mc/S tv'hereas the crystal connected in series with negative . impedance 
element (inclading blocking condenser) gives the characteristic of a wide-band 
band-pass filter, in which the attenuation in the transmission band is about g db 
less than that of the former . Table II shows the properties of band-pass filters 
so formed under detuned condition. —,,1^,, refers to value obtained from static 
characteristic. 

Since capacitance in series or shunt with the crystal reduces the band-width, 
measurements have been repeated on the crystal in series with the negative 
impedance element without the blocking condense!. Further, as the omission of 
the condenser places across the crystal a D. C. voltage equal to the anode voltage, 
measurements have been repeated with different anode voltages. 

Fig. 3 shows that the effect of omitting the condenser is to increase the 
band-width by about 14% and that of decreasing the anode voltage is to increase 
the sharpness of cut-off on one side. Measbred variation of impedance of the 
two-terminal network (without blocking condenser) is also shown in Fig. 3. 


■ CAS'ETI. NKOATIVE IMPEDANCE ELEMENT TUNED 
' 1 ' O T HE CRYSTAL F R E Q U E N C Y 

Fig. 4 shows the attenuation and impedance characteristics of the network 
with negative impedance element (without the blocking condenser) tuned to the 
crystal frequency. Talde III shows the properties of band-jiass filters so formed 
under tuned condition . 


' 1 'aiu,h III 



1 

-oR. 


i 




No, 

1 

1 

in series 1 

(Ohms) 


1 

1 

1 


hU-h)lh 

Gain iii lih 

I 

1 

— z8,ooo 1 

j 

i 

7.15.6.4 

=0-75 

j 

OMIO 

■ 

0.^5 

; 

014 


2 

1 

1 

7 -a- 6-4 

s»0’8o 

i 0*117 

* 

0-25 

014 

4-7-S‘4 

3 

- 105,000 

i 

i 

, 7-0-6.S 

1 =0-50 

0.074 

0-2J 

0, 14 

1 

5-5“5-9 


The effect of' tuning the element is therefore (a) to reduce the band-width, 
(6) to make the cut-off’s sharper and (c) to decrease the attenuation in the 
transmission band. 
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K A N D-l’ A S S 1: 1' 1 ' ]• C 'I' IN 1’ I h'. 7. ( )-H h I'! C 'I' R I C C R Y S T A R 
C (J N N i; C'l' n 1) IN rARALRl'L T(i '1' II IC N IC C A T T V K 
I .M I' 1C I> A N C li 1'. I. IC AI IC N T 

Tliu stcihili/cd jiu^alive iiii]»ccla)U‘<j ckiiiciil (iiicludiug the blocking cond- 
enser) is connecled in parallel to the crystal. 'I'he blocking condenser cannot 
l)e oniitted in tliis case as ils absence may short-circuit the anode battery. 

b'iu* 5 shows the attcjination and impedance characteristics of the network 
under detuned and tuned conditions. Tabic IV shows the properties of the 
band-[>ass lilters so formed under both cojidilioiis. 


Taiij,k JV 



No 

' -mR. 

] ill pill idle 1 

1 i 

Mc‘/S 

1 

hi.- lih'l'i 

hl.^lv/h 

(iain in 
dh 

w) 

Dctiiiu il C'li.sc 

1 

1 — iSjOon 1 

1-9 


‘ 3 ^ 

•J 3 




: “.PPOOO 1 

7 *"KS '9 
- 1.9 

.nS I 


■J 3 

1 

(h) 

Tuned Cast 

I “ 

- 

1 

i 

1 

107 

1 M 

1 

1 

1 

I 7 '^- 7 ' 9 S 

] • 



1 

6 S5-P..1 

1 

■oh() ! 

1 

j 

-107 

M 

8-4 — 8-6 

1 


On comj>arii]g the ‘ j^araljel arrangement ’ under detuned condition with the 
' series arrangement ’ under the same condition, it can therefore be said that the 
former gives (a) a larger band-width, (b) better .sharpness of cut-off on one side, 
and (r) gain in the transmission band instead of attenuation. The ctfect of 
tuning tlie element in the parallel arrangement is similar to that of the ' series 
arrangement/ 

5, A N I )-p A vS p: 1' p n c r t n p o it r - t v, r im t n a l la t 'j' i c n 

vS C 'I'l () N S C () N ']' A ININ ( ; P 1 P Z ( )-P: T, li C 1' R I C CRY vS T A I, 
AND vS T A li 1 L 1 Z 1C 1) N 1C A T 1 V E 1 M V E D A N C- Ti 
iC L E INI 1C N T 1 N S E R I IC S o K P A R A L L EL IN 
ONE OR n o T II A R ]\I vS 

Foiir-teimiiial lattice sections consisting of two-terminal networks of the 
types discussed (in sections 3 and 4) in .series and lattice aims have been grouped 
as follows : — 

Class I. — In which piezo-electric crystal and negative iinfiedance element 
connecled in .series or parallel are in one of the arms and .series or paiallel 
resonant circuit tuned to the crystal frequency or the negative impedance element 
s ill the remaining arm (Fig. 6a), 
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Class II. In which piczo-clectric ciystal and i.c^alivc inipedaucc ckiiKiil 
connected in scries or parallel are in one of the amis and a similar arrangement 
is in the leniaining arm, the frequency of the crystals in series and lattice aims 
beiug the same or different (Fig. 6h\ 




In sections of Class I, the negative impedance element can either be timed 
to the crystal frequency or the frequency of the resonant circuit or remain 
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detuned, and ill suctions of Class II the nc^^alivc impedance elements can be 
tuned to frequencies of ciyslals in the same or other arms or remain detuned. 

The i)resent section relates to studies on the sections of Class I only, as little 
(juantitative worh could be done on the sections of Class 11 due to unavailability 
of desiicd components, etc,, at the present war conditions. It is projiosed to 
pubjish the studies on the sections of Class II at a later date. 

The sections of Class I which have been discussed here consist of : — 

(j) Series tuned circuits in the series arms, and the crystal connected in 
series with the iiej^ative impedance element in the lattice arms ; and 

(aj Parallel tuned circuits in the scries arms, and the crystal connected in 
paiallel to the negative impedance element in the lattice arms. 

I'ig. 7 shows the attenuation and characteristic impedance measured at 
difl'eient frequencies under dilTcrent conditions. In the figure, I ” stands for 
Class 1 ; (i) and ( 4 ) stand for ijarlicular sections of Cla.ss I refcried to above ; 
and D, T and ST stand for ‘ detuned,' ' tuned to crystal ' and ‘ tuned to resonant 
circuit,* rcs])ectively. 



FWFQurNcv IN ric/s 


Figcrb 7 
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Table V shows the properties, of the wide-hand hand-pass lattice fillers of 
Class! so formed. The value of negative resistance (slat, e; has been- ,3 ooo 
ohms 111 nil cases. 

Taiu.k V 


Class aiiil 


(a) Detuned Case i 1- (i) 

- ] -l.d 

( /)) Tuned Case die na- 
tive element tuni'd 
lo crystal) I (n 


I - til () 7.7-0’ - 2 7 
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tive elemcul Inued i 
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O'SM 
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•'M.s 
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3\S 
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'I’o lust lli(' linear perfornianrc of Class I types of filters discussed above, 
alteiiuatioij-frecjiiency c haraclcristics uerc taken with diflereiil inputs varying 
over a range oi 6o decibels. Fig. 8 .shows the curves corresponding to limiting 
values of input o. I and locj volts for Class ]--(i) filter. It will be seen that 
attenuation is fairly independent of the input for the range of variation. 


6 M K C U A N I vS 1\T () V T FT U A N O- P S S AC '1' I O N 


Two4ermi u ci / N c i o j k 


If the equivalent electric circuit of the cr>stal iiiounted fjetween electrodes 
be a i^arallel ciuMiit with Lo and Co in scries in one arm shunted l)y C' in another 
arm, the ejystal iiiificdance ,.Z.2 is given by 





1 



/ 

/ 

0 


(.) 


R(, IjoiiiK iii.‘j;lectcd. 

r 

'rile impudaiiee o*‘ negative elements consisting of C:2 ^nid -Ra in ])arallel 
is given by 


— 


R.(i 


yp^IygR,^ 

c./^F2 C2) 


( 2 ) 


If the two im[)edances are connected, .say, in .scries, the total impedance 


<oL(i 




( 3 ) 


'I'lic variation of total impedance | Z3 I with frecincney is shown in Fig. ;5. The 
meehanism of action lies in the nature of variation of | Z2 I which is inininnnn 
at a frequency at or about the middle of the transmission band, increases slightly 
from this value on both sides over a large frequency range and subsequently 
increases rapidly on both sides. The variation of | nZs | with frequency is 
largely responsible for giving such a variation of | Z2 I • Similar consideration 
applies when two impedances are connected in parallel. 


Fom-iCTininal LaHice Section 

If tlic scries arms consist of series resonance circuit (inductance — Li , 
capacitance = Cl and resistance = Ri) and the lattice arms consist of crystal 
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connected in series with the negative impedance cleiiicnl , the circuit constants 
being the same as given in above paragraphs, then 

Reactance in series arm— jX]-/ \ ... (/; 

\ 1 

Reactance in lattice arm 








(5) 


I'he mechanism of ''wide hand-pass’ action in a f(nii-teiininal lattice section 
of the types discussed is that the reactanc('S in series and lattice arms remain of 
opposite sign ovei" a very iride hequi nty Iniud—n conditi'ai which has been 
brought about by the negative impedence element. 1 1 must be noted how ever 
tliat the resistance comijonents of the iinj)edances in sc i les and lattice arms imxiify 
the width of the pass-band as ilhuslrated below'. 

'rile resistance comiiuuent m scries aim is Rj and that m lattice aim is 


R2 = 


J<«(i 




( 6 ) 


'I'lie attonialion caused 1 >y tile positive rcsistaiKC in series arms will be partially 
or completely reduced by the gain caused by the negalive resistance in lattice 
arms. Tlie wide band lilters arc therefore low -loss ones as well. 

In Fig. S are shown tile reactances in .scries and lattice arms of Class I — 
r) filter wlieii the negalive element is detuned to eiystal as well as the rcsistancc 
roinpouent -R., of the lattice arm (K, being negligible). It will be seen that 
although the reactances remain of oppo.site signs between 6 and O-,'! Mc/s the 
resistance component of the lattice aim at 7-.t IVlc'/s is positive and of laige value 
and at g. 5 Me/s is negative but of small value. 'I'lie i»ass-band from both these 
considerations is Mc/s, wdiercas from actual attcnnalion measnicmcnts it 

is 7. 0-9. 7 Mc/s. 


7. PR O P O S I'' I) P P 1/ T C A ' 1 ' TON 

The wide-band cry.stal band-pass filters discussed above appear to lie well 
suited f )i- use in wide-band H. F. Systems {c.g., television and multi-channel radio 
telephony) as (a) band-pass couplings between stages of the <rnismitter and 
(h) band-pass filters in transmitting and receiving equipments. 

Multi-channel radio leletdione .systems on short and ultra-short waves are 
at present generally designed for two and nine channels lespectively. For two- 

chanucl system, the total band-width (including both siile-bands) is g to jo Kc/s 
therefore rciiuires no special consideration. For nine-channel system as used 
by the British Post Office,'^ the carrier frequency is 7(> Mc/s and the modulating 
baud arising from nine channels is about 130 Kc/s wide (i.t., i 53"“^3 Kc/s). 
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Total (jaiid-u idtli uilli two side bauds is about 260 Kr/s. Attention has been 
directed to tlie dcsi^^^ii of veral units modulation transformer, 1. F. band- 
pass filter, I. V. iieftative feed-back amplifier, elcj at transmitting; and receiving 
terminals for as eficudive transmission of this wide-band as possible. 

In a modern ttdevision transmitter as iLsed l)y the French Post Office,^ 
the carrier frequency is 40 Mc/s and the total band-width with tw^o side-bands 
is () Mc/s. Penultimate and final R. .1^ [>o\\er stages aie dCvSigned as " inverted 
anijilifieis” to work without balancing condensers and secure the essential 
condition for the wide hand- v\ idtlu Further, the penultimate stage is coupled to 
the final stage through the water cooled resistances for maintaining the load 
on the former stage faiily coustant over the wide band of modulating frequencies. 

Performance in the above cases, though satisfactory, is o[)en t(j iiiiinoveiiient 
in many ways. Most of the dirficulties of wide band transmission could be 
ol)viated w itli economy and stability obtained by suitably using tlie wide-bnnd 
crystal fiilcis tsi)eci;dl> of four terminal type) as band-pass coTipling and band- 
pass filter ill eciuipmeiits. 'bake, foi instance, the transmitting terminal equip- 
ment of a loo-chaiinel radio telephone system employing series modulation at 
the ijcmiltimale stage. Fig. y shows the schematic diagram. The modulating 
band which consists of single side-bands of 100 carrier channels w ith s]racings 
will be 0.5-1. T AIc/s and the station carrier frequency is 30 ]\Ic/s. Wide-band 
lattice band-pass filters 0. 5-1.1 Mc/s and 28. 9-31.1 Mc/s will lie necessary at 
l)oints shown by Fj and K2, resi)cctive]y. Similar filters will be iiecessaiy at the 
receiving terminal. 



To feeder Be AEPlAt 


FunTRr, 


A 1 and A > Aiiiplilicrs ; M — Mr)dnIator , -Crvstal controlled Master Oscillator ; 

]\r.S. = !\ltistcr Scparatr)r and Amplifier ; H.Ci , and H.G., -Hernionic Generators : 

A =R.l' . Amplifier ; P.A. - R .P‘. Power Amplifiers. 
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8. CONCLUSION 

The followiiifi coucliisioiKs have l)eeii aimed at 

(1) A piezo-electric crystal connected in series with stabilized negative 
impedance element, deliuied or liine«l t(» the crystal ii eqiieiuy, acts as a tw o- 
terminal wid('-baiid band pass filter of low attenivation or gain in the transmission 
l)uncb 

Ihlect of tuning tile element is (a) tf) reduce the ]>and-uidth ; (M to make 
the cut-oil s vSluirper and (< ) to decrease the attennalion in the transmission liand. 

( 2 ) A i)iezo-electi ic ciystal connected in [laraliel to tlic stabilized negative 
impedance element, detuned oi lunecl to the crystal frequency, acts as a tw'o- 
lenninal wide-band l)and-i)ass filter giving larger band-widtlq lesser attenuation 
in the transmission band and better sharpness of cut < 4 l Ion one side) than llie 
series ariaiigemeiiL referred to above under (i ). 

bhlecl of tuning the element is the same as mentioned above under (i). 

(3) A lattice section, in which i>iezo-electric crystal connected in series 
wdtli or parallel to stabilized negative iiniiedaiice element detuned or tuned either 
to cryvStal frequency or to frequency of lesonaril circuit in the othei arm is in one 
ol the arms and series or parallel resonant circuit is in the remaining arm, acts 
as a four-terminal ultra wicle-baud Iiand-pass filler having allemiation lesser 
than and sharpness of cut-off almost same as the two lattice sections made uj) 
of crystals, condensers and coils. 

Kffect of tuning the element to frequency t>f resonant circuit in the other 
arm is to make the band-width same as or grcatci than that ol detuned case. 

(4) For two-terminal tillers, the impedance is in geneial niinimuiii at a 
frequency within the transmission band and gradually increases on both sides 
of it. 

For four-terminal fillers, the characteristic impedance is inaximiim at a 
frequency near about the iniel-frcqueiicy of the transmission band. 

(5) The attenuation in the transmission band decreases in general with 
(a) the increase of negative rcvsistance value, and (0) Ihe tuning of the negative 
impedance element. 

(6) The variation of attenuation or gain with frequency in the Iransmissioii 
band is in general less wdicn the negative element Is lulled than when it is 
detuned. 

(7) The attenuation or gain of foiii-terniinal filters is more 01 less inclepen* 
dent of input at least upto a variation of 60 db. in the input. 

a 
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AN APPARENT INFLUENCE OF THE EARTH ON SOLAR 

PROMINENCES 

By a. K. das 

AND 

B. G. NARAYAN 

{Ri’i'ciL'cd for pnblifation, June jj, urjo) 

ABSTRACT, In this pajior a statisliral slndy lias l>eeTi marie of Koclaiknnal (•l)SGivatifi]is 
of scalar prominences the period ini;r37 -'HkI it has been irmiid tlial tlie ainiiial \ai iatifins 

of the mean daily areas, the mean (lail\ heights and of the mean (L'lib bases of promijienrcs 
□ t the limb correspond tc) the variation of the earth’s distance fi oiii the sun in the eourse rjf 

tlic year. In ])aiticiilai it lias been foutid that tlie maximniii i>f the nuan daily area at pei ilielif)ii 

and the niininnmi at ajjliedion diflei frean eacTi other bv about D ])ei er nt of (he maximiiiii 
Ihis lias been shewn to be evidence of the existenr e ol a tei tesli ial inihieiK'c on solai pro 
miiK TK'es Ihe efieds of planets othei than the earth ha\'e also been examined and it has 
bi'cn concluded that the\ cannot bt' appreciable. It has been tentalivi ly suggested that the 
observed inlhience of the earth on prmninences ma\ Mcll be the K'sult «)l a t ide-iaising foice 
whicli varies inversely the cube ol the dist.ince between the rarth and the snn. 

'riie i)0ssil)ilily of an iiiflnence of llie earth and of other planets on solar 

liroiiiincnces has been considered by vSeveral worhers^”' in the past; their 
methods of investigation have been varied, but llicy liave been concerned cliiefly 
uith the distribution of the luiiiibers and areas of snns|)ols and of facnUie on 
the eastern and western sides of the central meridian and the niimliers and areas 
of prominences on the eastern and wcvstcni limbs of the sun. riiesc investigations 
have, however, led to conflicting results and in most cases their results cannot 
be regarded as conclusive. It is not easy to deride whether this inconclusi\ eness 
is due to the insufficiency of the otrservational material used or due to other 
causes. In any case it seemed to us desirable to investigate the problem 
afresh by examining a uniform scries of data of prominence areas extending over 
as long a period as possible and by employing a sornewhal diflereut method. 

EARTH’S INPIvUENCh: AND DISCUSSION O I' A V A I L A It L E 

PROMINENCE. D A 'I' A 

If the earth exercises any influence on solar phenomena it is must likely to 
be of a gravitational nature and one may reasonably expect this influence to 
manifest itself most when the earth is nearest to the sun and least when it is 
farthest away from it. During the course of its annual revolution the earth 
comes nearest to the sun in January and goes farthest from it in July at the 
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cjiochS) of perilielioii and apliulion itspuclixxly. W\.‘ may accordingly expect 
tlic areas of proniincnccs to sliou' a maxiinnni in January and a mininium in 
July or vice vinsa a(’cr)r(liii^ ns tliu earth excj ciscs an cnliancing or a dclerriii[> 
influence on them. Jt is tin's aspect rjf the pr()])iem w hicli lias been particularly 
considered in the present study. We have exclusively used observational data 

derived from the records of the Sfdar Physics ( )bservatoiy, Kodaikanal. Daily 

photographs of iuf)minences in the cnlciiim K line taken with a Cambridge 
spec'troheliogra])li are availal)le at this of»senatory from tlic year T()o>; onwards, 
l^'roni these, the ])ionie areas of prominences arc measured in squaie minutes and 
tabulated for each month. The numeration of jjrominLnces is admittedly an 

arbitrary laocediire and there must (jften be a great deal of uncertainty as to 
wliether a ])romincrjce is one nr several. Por this reason the profile areas of 
promuiciu'es have been considered to be a more rcliLd)]e measure of ])romi]ience 
ac'tivity than the numbers, and accordingly this investigation confines itself to 

the data of the areas of pi omlneiiees for the i»eriocl (igi 
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* Wr have not made use of the data available for the pei iod 1905-12 for reasons given later 
in this papi r. 
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ill iaUlu 1 are i^ivcn llie mean daily areas of iiroiinnences for each inoiitli 
of the year for the period 1913-37 the means lor llie \^'hl)le period are ^iven 
ill the last row of the table. The mean daily areas have been derived by dividing, 
the total aieas of prominences measured from the pholo^raplis for the month 
by the number of effective days in the month. The effective days have been 
calculated by ^^ivinj^ suitable weights to the jffiotograjffis taken on days of 
bad obsci ving conditions according to their cjuality. Tlie photograplis 
taken on days of bad observing conditions have their effective days estimated 
4 i ^ or I of a jierfcct day of observation according to the quality 
of the sky and the definition at the time of the pliotograph. This j>rocedme of 
allowing for unfavourable weather conditions has been followed at the Kodaikanal 
( )bservaloiy for many years and has proved to be a satisfactory method of arrix'ing 
at reliable daily areas of prominences and of dark markings. ^ 

1 

! Mean daily abeas op Caluuh prominli.. 3 



ilH |\ui{ aPK may JUNL JUn AU(| SLI* OtI NOV HIa 

Imcukk 1 

The lueiins of Tal)le 1 are lepieseiited (liagraniiiiatieall y in l^g. 1 fiom wImlIi 
it is evident that the maximum occurs in January and Die miiiimuni in July. 
This suggests that the earth enhances llie areas of prominences in Januaiy when 
it is at iierihclion and decreases them in July when it is at aplielioii. A similar 

§ From the year IQ23, under the auspices of the- TiiternaLioiial Astronomical I 'nioii 
whenever daily photograjihs are incomplete or wanting al Kodaikanal, photographs arc i)htained 
from other observatories, such a.s Meudoii, Paris, IMt Wilson, C'ainhridgc, etc., for coinjilcting 
the records. Owing to the monsoon conditions prevailing at Kodaikanal during the .secojid 
half of the year a larger number of photographs from abroad is obtained fc^r that half of the 
year than for the first half. It is found that the incorporation of the simplemciitaiy data 
derived from the photographs supplied by the co-operating observatories docs not alter to any 
appreciable extent the valiic.s of the mean daily areas obtained from Kodaikanal rec()Tds al(>nc 
by the method indicated above. 
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.L'sult was obtained )>y livershed "• who found a ri eater exc'esh of eastern 
;)iciJondcrance in the case of prominence numbers and areas measured at iierihclion 
iliaii at aphelion, but he apparently did not attach much sij^riihcaiice to this 
i,l)servation presumably because he thought tliat the small order of dilfeience 
lound by him might be due to bad observing conditions obtaining at Kodaikaiial 
during the soulh-wesl monsoun period. 'Phis doulrt may have been justifialde in 
the case of the smaller amount of observational material Mi. P'.vershed liad at his 
disposal and ai.so his method of liealment of the piolilem; but the larger aiuount 
ol data used in the preseirt study and the method here emidoyed .scarcely leave 
any room for donljt that the ma.xiinum m January and the minimum ni July 
shewn in tig. i may be due to the inllueiie'e of varying observing comlilions. 
'Pile data used in this statistical work e.xteiid over a peiiod of lwenl)’-li\e yeais, 
which is a fairly long period, but still it .seem.', desirable to ascertain what 
degree of reliance can be placed on the conclusions iliaw n iroin the data u.sed. 
I'oi this purjio.se we have made use of h'isher’s'' “ 't' significance test.” 'Pile 
means of the groiijied values given in 'I'able II fulfil the ‘‘t ’ significance test as 
shewn below 
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From the table ol “t” values it is found that for both the means where 11 is equal 
to 25 observations the high values of / show a P-value of le.ss than ’or which 
indicates a high degree of .signilieauce. The ‘'t” test applied to the mean of the 
differences between the daily prominence areas at the two e] lochs also .shows a 
high degree of significance, the P value being less than "oi 'Phe variation of 
mean daily areas from the maximum in January to the mininmm in July amounts 
to about 15 per cent, of the maximum. It is to be noted, however, that the earth 
is at perihelion in the beginning of January and at aphelion in the beginning of 
July, so that the monthly values of January and July do not exactly represent 
the eaith elfect at the two e])ochs. pait of the effect falling within the picviotis 
mouth in each case. We have, therefore, worked out the mean value.s ioi the 
mouths of December and January and for June and July, fhe former [icriod 
iDecember-Jahuary) representing the perihelion epoch and the iatter (June-July) 
the aphelion epoch. The results are collected in Table II. These values should 
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lellLft thf iViirtli L-riecl at Uie periJielioii and ai)heiiou epochs more truly, ■ 
foiuid that the fall froii} the niaximnni to the miniinuni now works out te 

i_' per irnf. of tlie iiiaxiimnii. Tin's di0erence will be further reduced if allow;!,-, ^ 
is made joi the j.o.s.sible error in the estimation of effective days. It has ahe:;,-, 
been de.scribed how the days of ob.servation are converted into effective days ,ii 
order to eliminate the intliieuce of bad observing conditions on the daily tneai,'.. 
.biiiu the mean daily areas of |)rominences are obtained by the use of effeetiv, 
days, any error in the estimation of effective days .should introduce a corresjmml- 
in.e error in the mean daily vidnes. 'J'he extreme error that is likely to enter 
in the estmi.'ifion of elTec tive d:iys is ± } of an effective day in an incomjiletc 
day of obsert alion, since the days are estimated as j, y or { of a day. A.ssuinin- \ 
aneiioi of tliis ordei I hi' eflectiv'e days for each month were recalculated and the 
nic.'U’s of tile mean dai/'y aie;is of jirominences wore olitaincd for the values given 
ni Table 11. From the recalculated figures it was found that the diffei cnee 
between the nie;iii areas at perihelion and aiihclion periods was i educed to o'o 
per cent of the hi.gliei \alue instead of the u percent, previously obtained. 'I'he 
sigiiilicant fact, therefore, is that there is still a substantial diflercnce between the 
values at the two epochs of perihelion and aphelion w hich has to be accounted 

f r ii- 
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The mean daily heights and bases of prominences derivable from Kodaikanal 
lecords were also examined as in the case of the areas. Fig. 2 reinvsents 
diagrammaticaliy the variations of the mean daily heights and bases from month 
to month. The resenildance between the curves in Fig. 2 and that in Fig. i is 
(jnite close. 'Huis it is evident that the annual variations of all the three elements 
of solar piomiueiicevS correspond to the annual variation of the relative distance 
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between the earth and the sun. We now proceed to consider how far this corres- 
pondence can be regarded as being due to tJic influence of the earth alone. 


IN P bUSNCli O !-• OTHRU TRANltTv^^ 

If the earth is supposed to have an efl'eet on solar ])heiionieiia it is to he 
expected that the other planets may also exercivSc similar iiilhieiiccs. I'.vershed 
has sliowii that of the major j)lanets Venus alone sho\^s an cflect similar to tliat 
of the earth. On llie other hand Royds and Sitaiamaiyar state tliat they do 
not find any effect of planets or even of the earth on tlie distrilmlion of niiml)ers 
of inoininences on the east and the west limbs of the sun, Withmit attempting 
to reconcile these conllictins^ vieus we may take it tliat, if there is any planetaiy 
influence, the .e,rcalest positive effect would occui for the outer pianets w hen at 
oi)position and the Ki'viitest negali\e effect when in conjunction with the sun, 
while for the inner iilanets the ereatest positive eflecl would occur when at the 
inferior conjunction and the prealest ne;-iati\'c effect wdien at the siipeiioi conjunc- 
tion. On this assiim]>tion the jfositive and iieg«ative elfecls of the planets on 
liroininence areas at iierihclion and aphelion can be calculated from the pkinelary 
] phenomena occurring near about these epochs. From an examination of iilauelary 
lihenomena during the years 1913-37 we find lhal in the months of December and 
January there occur 3 oppositions and [ conjunctions of Jupiter, 15 inferior and 
12 vsuperior conjunctions of Mercuiy, while in June and July 5 oppositions and 
,| conjunctions of Jupiter, inferior and 1^ superior conjunctions of Mercury 
and 3 inferior and 3 suiierior conjunctions of Venus occur. If suitable weights 
according to the tidal force {ride Table III (juoted from Kodaikanal < )bservator\ 
Ihillctin No. XXXV wdiich gives the diflerent measures of the relative influeiicc of 
]»lanets on the sun which 111:13^ be considered) are given to the positive and negative 
effects it is found that the influences of planets other than the earth at the lw»> 
epochs arc practically equal. The planetary influence does not therefore adect 
to any appreciable extent the observed dilference between the perihelion and 
aplielion values of prominence areas, which may consequently be taken to represent 
almost entirely the influence of the earth. In this connection we m.ay note 
that the planetary phenomena occurring from October to January show that 
their effect is greater in November than in December; this may be responsible 
for inflating the values of mean areas of prominences in Novembei over those 
of December as can be seen from Table I. We do not huwevei advance this 
as the onl3' explanation of the peculiarity of the November figures ; —altliougli 
we consider it to be very probable that prominence areas are aOected by the 
other planets according to their positions favourable or otlu i v\ ise witli reference 
to the earth, we do not think it possible to determine wuth any certainty the 
effect of the planets on prominences from the measmes of i)rominence plioto- 

9 
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graphs taken I'roiii the car1h, as the cfl'ecl is likely to be triaskcd by the pre- 
cloniiiiating effect of the earth. 
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Efji'cl of Vaiiations of Soldi Adirity on Vioniincncc Data 

A cliogrannnatic rcpreseiilatioii of the mean daily areas for each half-year 
fnv the i)erio(l (7003-37) (Fig. shows that the values arc higher for the first 
half of the year than for the second half consistently during the period 1905-12 and 
theicafter the variation of the values is random. This peculiarity suggested that 
the whole series of prominence obseivations from 7905 to 1937 was not uniform 
and it could be split up into two periods, one extending from 1905 to 1912 and the^ 
other fiuni ic)T3 to 1037. Owing to their non-iinifonnity both the periods could 
not be combined for this investigation and the data for the shorter period 
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uerc not used. The data actually made use of did not suy^cst the existence 
of any vitiating uiihieiice ^^llich might introduce any systematic error; iievei 
Iheless it was tliought desirable to subject them to fiiiHier scniliny in order to 
see whetheaMhe observed variations were due lo the \ ariations of solar aclix ity 
01 to any othei e'aiise. IheBullelin ot Character iMgures of solar plienomena 
pubiislied by the International Astronomical rniou gi\t's llie character hgines 
lor each solar jdieiiomenon, such as sunsptns, calcium llocciui, liydiogen Jlocculi, 
etc., for each month of the year from ihe yeai 1017 emw aids. These cliaiacter 
fig III es lejiteseiit the index ot solar aclivit s lor tlie concerned solar itheiio 
mena In the aI)Sence ol chaiacter figures for calcium i)roniinencLS tlie 
figuies for calcium and hydrogen llocculi weie chosen and the values for each 
half-year were i)lotted alongside llie inominence areas ioi the pel iod K) 1 ;-j7. 
hiom the general agreement ol the three curves it can be inferred that the 
X'ariations ol mean areas Jiom half-year to half-year reflect only the vaiiatious 
in solar activity. I'he vaiiatious ol [>iommeiice areas during the earlicj period 
could not be te.sted for lack of charactei ligii.cs data 
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Bi'linviout oj Ahsarpfion MarPing.s i)i iclulion lu La\lh lifjul 

As it has been established that the absorption markings are the projections 
of the overlying tirominenccs on the disc, it is of interest to examine whether 
the earth influence noticed in jiroiuineiices is equally observable in the case 
of the hydrogen absorption markings. Table IV gives the mean daifv areas 
for each month of the hydrogen absoiplion markings for the years 1017-37 
with the exception of Figure .| shews tlie di.stribiition of mean areas 

from nioulli to month. The trends of the curves in figure 1 and figure 4 
are by 110 iiieaiis similar. In Figure 4 tlie’ e are two maxima and two minima, 
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and though the priinar}^ inininium occurs in July, the primary maxiiiium occurs 
in AprihiNlay. It vSccms possilde that this behaviour ol the Hex dark markings may 
be due to complications introduced by the semi-annual periodic variation of 
the heliograi)hic latitude of the earth which ought to have an influence on the 
markings. In fact, there should be a semi-annual variation in the mean areas 
of the markings in llie northern and southern hemispheres according as the 
pasition of the earth varies from north to south or vice vcisa. This aspect of 
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t he problem lias been discussed by liverslied and Chidambara lyci '. The areas 
of markings ill the northern and soiilhcni Iiemisphercs were theieforc ^\orked 
out separately and the distributions in the difl'erenl months of the year for 
each hemisphere were idotted in curves. The distribution of areas in tlie 
southern lieniispherc was found to agree with the theoretical ciiive, but there 
was no agreement betw-een the observed distribution and the llieoictical cunc 
in the northern hem isjjhere. A similar separation of aieas of pi omiiiences bet- 
ween the northern and southein heniisphcres was made and the distribution 
in both the hemispheies was found to be similar to that upiesented in figme 
j and not to the theoretical curves vshow'ing the combined ellecls of tlie caith’s 
orbital motion and the variation of the lieliographic iatiUide of the eaith in 
the course of the year. It was therefore concluded that the variation oi liclio' 
graphic latitude of the earth has no effect on the areas of piomineiKes, 
while it may have soiiic effect on the markings but that efUct is not adequate 
to exjilain the ijeculiarities of the distribution (»f the aieas as shown in 
figure 4. 

The dissimilarity in tlie annual variation of the areas of prominences and 
of the areas of dark markings should not be taken to signify that there is 
an intrinsic difference between the bchavdours cf ])rciiiiiieiices at the liiiil) and 
prominences on the disc in regard to the earth ellect here considered. I he 
cause of the apparent disparity most probably lies in the inherent indefinite- 
ness of the quantity we call the area of a dark marking. Ihe areas of all 
prominences at the limb are ineastired under idenlical conditions, namely in 
a iilaue at right angles to the surface of the snn, and therefore the mean daily 
areas derived from them are definite quantities. 'Ihe arens of daik maikings, 
on the t)ther hand, depend upon the ]ongitude.s at whicli they exist as well 
as oil other variable factors ; consequently the mean of dark markings 

for any given day is derived from measures made under vaiious conditions which 
introduce a good deal of indefiiiileiiess in the value ol Ilje daily mean area. 
This iiidefinitciiess is further accentuated by the existing piactice of aj plying 
foreshortening corrections of doubtful appilicaldlity, lor in the course ol its 
passage across the disc a dark marking jircsents an intricately \aiying area, 
W’hich depends not only upon the variation of the i)rojecticn of the height 
of the lU'orinnence concerned but also upon othei variables ; in no position on 
the disc dees the area of a dark marking have a definite lelaticm to the area 
of the corresponding i:)rommencc at the limb. One can easily recognise several 
other aspects in which the area of a dark marking accessible to ineasiiremciit 
is quite unsu'tabJe, compared to the area of the corresjjonding prominence at 
the limb, as an index of earth cfiect. Ftr exampie, the volniuc of mallei 
existing as pK)minenc’e.s over tlie whole di.se including the limb at any epoch and 
particularly its annual variation should fiiniish a leliable clue ior the detec- 
tion of an eaith influence. Since the depth of a prominence is small coini^ared 
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I'O its lici^i^lil aiul base, tlie areas of prominences at the limb give a be y 
deinNidablf ijiclicaliou of the volume of lualler existing as prominences V-, 

Micas oJ daik markings, on t-lie other Iiand, can give no such reliable indicalu n 

oi Ic amonnl of maltcr cxisling as fnominences on the disc ; for, as u‘ ' 
Jias slioxM), only a fraction of the total ijiiantity of prominence matter abst;; i,., 
the radiation from the j photosphere, the dTectivc part of a prominence in lj]> 
piodiiction of a dark marking behig a layer extending from a height of su 
to jj sec. \diicij may be cool enough to absorb photosphcric light. Itisaist, 
a fact of common oJjservatiou that all prominences M'hich are observed at tla 
Jiiiil) do not give rise to dark markings on the discs It is clear therefore tlia I 
the iiieaji daily areas of dark markings cannot be as good an index of Hjt 
voiiime of matter existing as prominences on the day concerned as the mean 
daily aieas of prominences at tlic limb. For the reasons enunierated above it 
is evident that one can scatecly expect to find a similarity of distiibiition between 
the aieas of j prominences and of absorption markings during the difierent niunths 
of the yeai. 


oJ Eajih*s Inflm iicc 


vSo fai it has been oiir olijecl to eatabhsli tlial there is a genuine influence 
of tile t'arth mi solai jprominences. We ncm pioceed to consider the cause of 
tJiis ]ihcnoiiienoii. The mean divstaiice of tlie earth from the sun is million 
miles and the diflereiK'e between the distances at ])eriIielion and aphelion is 
about 3 million miles. The distances beivNeeii the earth and the sun at perihelion 
and a[jhelion may be taken to be apiiroximately 90.5 and 93.5 million miles 
iesi)ecli\'ely. 11 the earth eflecl vaiies directly as its mass and inversely as some 
j)o\\er of the distance, the ratio of the eflects at the Iaa o epochs of perihelion 
and aidielion xaries inversely as the latio of tlic pow trs of the distances. If 
d, and and and ;o icpicscnt the distances and the mean daily areas of 
proiiiiiiences at 1 PCI ihelicm and aphelion respectively, the ratio of the eailh eflects 
on prominence areas at the two epochs is given by 

r2lri = dild2 or di/di or d'ijdi or d|/dj - etc. 
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The ratio 

actually observed varies inversely as some powder of tlic distance intermediate 
betw-eeii the third and the foiirlh. Although this does not justify the conclusion 
that the earth eflcct on solar prominences which emerges from the present study 
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is an entirely tidal effect, it would aiipear that the niatinitudc ol this effect 
could be accounted for by tidal force with fair approximation. 

In conclusion we may mention that the majority of ihe previous workers 
avc found a suppressing inlluence of the earth on solar prominences whereas 
Kvershed and Cliidambaraiyar have found evidence for the earth exeitiiig an 
uhancing influence. The lesult of the present investigati(ni gi\’es fnrthci 
evidence in support of the latter view. 

It is a pleasures to thank Dr. A. h. Narayan and Mr. V k. Chidambara- 
iyar for theii kindness in reading the manuscrii>t of this pai>er and foi tlieir 
endticisms. 
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VARIATION OF FIELD-STRENGTH IN THE VICINITY 
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Upper Air Observatory, Agra 

(Rcccivcii foi puhlicaiion, July Tg.jo) 

ABSTRACT. Ilie intensify of radiated llcld-strenglljs in the niighbourliood an ultra- 
short -wave horizontal transmitting aerial has been delcrmiiied audits variation with different 
angular directions \Aith revSpect to the aerial has been studied. For the purpose of radiation a 
modulated valve oseillatt)!* generating waves of 6.i inetjes in length was employed alojig with 
a halFwavr hoiizuiital aerial. A calibrated ultra-shoit wave receivci was used for tlie deter- 
mination of iicld-strenglhs. Tbc observed values of /iehbstjengths \\eie compared wilJj those 
ealeulated mnthenialically. In order to study the dirertional qualitv of sueh an aerialthe 
angular tracks of maximum and niinimum amount of iiicrgy-llow have been determined by 
theoretical calenlalions and the results wcie virificd by expeiimenlal ot)Servatiuns. Jt lias 
been observed that aerials of different lengths will radiate the energy along diflerent ebaimels 
and a typical rceord of observations for the intensity measurenu nts has been shown with a 
half-wave radiator. 


1 N TR (I Ur Cri ON 


Wireless coiiiniiiuicalioiis with iillru-sliQrl waves liavc im>\\ grown to Ire 
fairly common due to their application in television, airciafl coiiiniuiiications, 
upper-air weather observations, and various olheis. Due to the small size nl 
these waves, special types of aerials have to be designed and hence (lie study of 
the variation of radiated field-slrciiglh in the neightxAirhoc d ol such aerials would 
be of great importance to the laclio engineer. Such investigalions have been made 
by various workers wx’th comparativ^ely larger wavelengths and mostly w ith 
vertical aerials. In the present communication the intensity of the ladiated 
field in the vicinity of an ultra-short-wave horizontal tiansmitling aerials was 
determined and the mode of its variation around the aerial has been investigated. 
A modulated oscillator w^as used to generate waves of 6.1 metres in length for 

* Comniuiiicated l)y the Indian Physical Soeiely. 

to 



326 


S. S. Banerjce and Parmanand 


the purpose. y\ iee,eijeiative iillni-sliorl \va\’e receiver w ns constructed to receive 
the siipials .eeiieialed l)y the oscillator 'i'he generator was connected with a 
half-wave iiori/oiital aeiial uliic'h was placed in .a nxed direction and the receiver 
was moved alone, the cii cuniFLieiu'c of a circle with tlic input end of the trans- 
mitliiie aerial at the ceiitie. U'hc tield-sti en.ellis vere measured at different 
aiiL’idai directions with lespect to th'* oi ieiitalion of the Iraiisinittiim aerial. The 
observed Jield -streiiclhs 1ia\X‘ heen \ eriiied hy the values cjI the same calculated 
iiialheniaticallv. While nio\'iui* j-oiiiid the aerial, sevei al ])ositions of maxiiiium 
and minimum values ol the fit Id-si reiieths are oljlaiiied which have also been 
c'onfinncd by Iheor*. 1 ical v.ahiikition aftei Jiiidine cnit the ])i'oper conditions for 
tile same. lb)i tlc’ d . i minat loii of sbsoluU field -sli eni;tliSj the receiver was 
cadibraled, tlie iiicIIkkI uf which has lieeii dLScril>c(l in siibsecineiit sectif>ii s. 


'r n c ) k V 

SuppoSL^ Op in f'' i u'pi esents the- hoi i/oiital ladialini.: aeiial and Al^C is 
the ('ij cmiiJV ) ence of a entle alojj" A\hi(;h the ut'encr is moA'cd in oidei' to deter- 
mine tlie feld-streiieihs. 'The input encH ) of tlie aerial is situated at thc’ centre 
of the c'irclc bet A 1 h‘ a pnint nt wljieh Iht' sipnal-slienylh is tea be delei mined, 
and /;> are the disianctj- [Kan theLnehsH and P of tlie aerial to the prant A 
respe'divity . d'hc leii'dh (fi the ladialm;- atrial di noted by /. 
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It has bee^n show n by Cartel ^ that the electric' flcld-streiikth at any point 
in the vieinily of a sliaiglil ratliatiu.L^ aeiial and in the tliicclion I'fvallel to the 
length of the radial or js given by 


f'ir - ./30I 


(-1)"- 


1 i 


11 


volts /cm. 


(i) 


where 1 is the current in amperes /lowing through the aerial, A, being 

the waVe'length radiated, and v is any positive integer dejiendiug on the length of 


the aerial. 
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I'lia [iresLiit in \ ast i'aatinn wascaiiiad oiil with iadKitili'' aai ials Indl A\'aYa' 
k’lnalJi IniiL- and ilia Iil ld-.^>li aiiatiis \\ ai a datarnini'.d aloiia IIr' til aiiniiai amws ol 
aonccntric ail alas oi \ ai ions ladii. A tyj*iaai aalauialion loi a anala ol radius 
3A/,| is shown haiow . 

For calculation (jf Jiakl-slraiiatlis at tha distancas cd 3A/ j IVoin lha input and 
of lha* radiating aanal in diHarcnt diiart ions, A/ ■ is sni'sl ituU d foi / and ^A/.j lor 
?! in ccjuatioji (3) and thus wculI 
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whan A is inaasni\'d in inalias. 



Various values of tha fjald-strcnnths J',/ ha\'a hacii calanhitad 1 (ji dillaiaiit 
aiif^ular direclions iiulicatcd hy rOii ..qmilioii Wind tiny ne slicmii ni 1 tiMc I, 
below. For the sake of coiireidenee of hidiealinti the- diivelioiis of inaxiinmo 
and uiiuimuni valucb of field intensity the variation ol liekl stieiiKth with ajif^nlai 
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'I'lii.' a]>i»roxini:il<.' angular dncctions for niaxinmni and niiniiiiiiin ainoniits 
;>f ciicrgy-llow will ajipoar from flic curve shown in lig. the cxacl dircc- 
Lions, liovwvcr, w'erc oblained by dificiciitiatiiig cqnaliou (.j) and subsequently 
eciuating the expression obtained to zero. 

'I'lius we gel from eriuation (.|) 
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l\4iuilin,i4 I lie 1 iglil-li.uid expression of the above equation to zero, we get 
()i the condition of inaxiinuin or niinirnuin field-strengths, 

cos ^ + tan‘.»- a cos . ... ( 6 ) 

i6 4 4 

Now, the abov'e equation is satisfied for live values of 6 ^, viz.^ i9”4o\ 
^ud ^^4o‘^2o^ In order to distinguish the angles 
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corifspondiiig to iiiaxiinuiii and miiiumiin \aiucs ol (icid-slrciigllis, c(]n:Uioii 
(5) is dilTereutiated once more and the- posit i\\' 01 negative vaines ul J-V.ildO- 
are determiued fur those aiij^les. 

Thus from equation (5) vve get, 
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Jierc A— cos fy. 

i() 4 

Imoiii equation ijj it ran Ik sliuu n tliai Llie aivjjcs 10 |' A iOtt"’.:o' and 
3.lo'"2o' coiTCS[)ond to the ininiinimi values (d rield-streiigtlis and the angles 
oo''3S^ and 203^2*/ correspoml t(» the inaxinuuu values. 

Tile angular directions lor the uiaMinuin and nunnnum radiation ol energy 
\vill also lie clear from fig. 2. It may l»c noted fioin lig. 2 that the highest 
value of the radiated liekhsti ength is indicated only at o' a'lid 3(i(/' and as 
thCwSe angles do not correspond 1(> maxiinum or minimum \alue of the lield- 
slrcngth, they do not satisfy equation (0). ^rheese iiiatliematically calculated 
values of the angular directions were verilied i)v expciimeiital oliservations 
iccoi'ded in the next section. 
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TmnsmiiLLt. A parallel-fed modulated oscillator of Hartley tyjie was 
built with two valves in parallel. The chematic diagram of this is shown 
in fig. 3. A constant modulation was effected by a leak L tmd a condenser 
C in the grid circuit. An ultra-shoiT-wave choke CH was connected in the 
anode circuit. Aerial current was measured by a thcrmo-milliammetcr TM. 
The oscillator could generate w^avc 6.1 metres in length. The aerial consisted of 
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MjrijL'Jil haic r«/])|.rr w iu* hall w a\’c-lLTj;^lli Ioijl;. TIil* uav(.“lc]ip.lli uuittcd 1 )y 
llic ns(’illa1(‘i was niLasiiud l)y a pair ol IacIil-i' wires and a llicniio-yalvanoiiietcr. 

A'<'( ( ; *'( 7 . ddic ret Liver fui tlu* iiiLasiireJiient of llie intensities of llie 
radiated fields eeiisjsled nf a leaky e.rid detecdor until reaction and a low^ 
frequency aiiiplifita as sliow'u in fiC’ The reyeneralive type of receiver 



I'K.rnr: ] 


was siK.( iall\ pieleiK'd In a super-iieterndyne ni vSUi)c-r-i eeenei alne lyjie for the 
convciiu. lae of calihialinn aiul stability c 1 uilra-Iiiali freiiuencies. A inilli- 
anniietei AIA indicated lljt* clianric- in tlic* plate current ol the detecloi for calcn 
lating the liehkstuapatlis. h'he recei\'ine, aerial v\as of a similar type as 
einj>lo\ed in the iiansiiiitter l)Ut of a smaller length. The receiver was care- 
fnll\ scieentd and I'oi the measurement of absolute Aaliies of fielcl-strengths 
radiated it was calibrated, 'khe usual method of calibration of such a receiver 
is iiiajiplicable in theinesent investi.eation as the dimensions of tlie leeeiviipe 
loop wamld be eomiiLiral de with the waveleipalh radiated for observations and 
lienee tlie follow ine method of calibration was adojited. The rceeivei was 
kept at a know n distance from the transmitter and the IransmiUhiL^ aerial was 
excited l>y passiii*.’ current throimli it wliieh was recorded iii the thenno- 
niilliammeter. 'The radiated si;^nal Irom the tiansinittiiii* aerial was tuned by 
the receiver anil the chaipecs in the plate cuiTeiil of the detector was noted 
and the sound in the headphones in tlie second stance of the receiver w’as also 
heauT ^I'his observation was repeated with different independent values of 
currents ilow iuK throuyli the transmitting, aerial. From the knowledge of the 
current ilow'inj^ Ihroui^h llie transmitting aerial the (leld-slreiigth at the receiver 
was calculated finiii cijuatioii (3) given in the previous section. The calibration 
curve sliowdiig the field-strciigtli for any value of the change of plate current 
under pioi)ev conditions is shown in fig. 5. Thus knowing the change in plate 
curre t wheu the receiver is tuned at any distance, the rjeld-slrength could 
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]>c readily obtained from the i^rapli. 'I'lie relative flLhb.sireny lies were often 
checked l)y tlie headphones connected in the output of the receiver. 'rhe 
ultrrn short-wave transmitter with the horizonttil aerial was placed in an open 
s])ace snOicieiitly alx-ne the piunnd. 'The si^eiial streii.etiis wiae measured at 
\'arions jjoints which were at distance r/f tliree loin tlis of a wav'cleiiidh in 
different direelions fruiii the transmitted The varujiis directions in which tlie 
observations weieiecoided were indicated by tlie ani’le \\hich tliat direction 
made with the tiansinittinii lioi i/ontal aerial, d lie recLixiiiu, acMial wasiilai'eil 
at tlie same liejelit as the ti ansmitlin.e one and was [dways oiientedin tlu' 
direction jiarallel to the radiatiny aeiial. 

TabU' II below .L'ives tlk \ahies of the Jic Id- si n n ,!.- 1 li.s c xpei imeiitally 
obseived in diflerenl diiections liom tlu' 1 i ansmitti. i . I'idt tolnnin of tlic 
tabu shows tliL ane,nlai diiLClii n ot theieiaiwi trojii llie liansniittei and tlu 
second tolnnin indicates the con-esj»on(bne oliseived fie!d-st i enet lis. 
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In’o. 6 shows Ihc' variation of (lie radialvd licid-strcn.nths with different 
anr.ular direclions Iroin tlie IraiisniiUer. It will be observed that the curve 
shown ill fie. i> will av.ree very closely with that shown in fig. 2 in the 
previous seelion, if \\’c nevhel the negative sign of ihe lield-strengths in the 
latter- 'J'his will be also clear if the mniierical values of the calculated and 
obseiwed (iLid-streiigths, shown in ’I'lible I in the last section and Table J1 above, 
be coii.pau'd without aii.\’ refeieiict to the diuclion of the fields. 

# 

ST IM l\l A K V AND ( ( ) N (' ]. D S M ) N 

iMc'ul^strL-iiij.lhs ii] Tlu' vicinity of an iiltnoslioTl-wavc hori/oulal aerial 
have been calcuIaUd aiui cxpcriineiUally iiicasnrcd by jiieaiis of a calibrated 
receiver 'i'hc directions ui inaxiniiiin and niinininni amounts of eiicr^y-flow' 
have been also deteniiincd b\ tlicoretical calculation and experiments. The 
traiismitler consisted of a niodulaled vab'e oscillator w illi a half-wave radiatinj^ 
aerial, p.enevatin.c waxes ().i nieties long, 'f'he receiver consisted of a leaky 
grid regenerative detector and a loxx dre(iueiiy amiihficr. It has been concluded 
that the diiections of maxiniiiin and mininiiim amounts of radiated energy from 
snch an aerial depends on the lengths of the aerials employed, and the 
observations for a half-wave aerial have been Recorded. 

The authors desire to express their hearty thanks to Dr. B. T)asannacharya, 
Head of the Departnieiit of Physics for imparling ;in accommodation to carry 
out the experimental part of the above investigation and also for providing other 

necessary facilities. 
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ASSOCIATION OF ACETIC ACID IN NON-AQUEOUS 

SOLVENTS^ 

By P. KOTFSWARAM ** 

{Rffcived foi publication, July 2, n)4o) 

Plate XI 

ABSTRACT. Aflu a review oi lhi‘ wcirk 011 aretiT' acid in water, tli(' iucc'ssitv for tlie 
.stinly of Uiis substaiP'e in iioii-atjneoii.s s(»lvenE^.. is sin s".e(L lii\esti^aliniis were inackMN ilh 
botli and non ])fdar lifiuids ns solvents for this acid. The ehaiij^es in Raman fre(]ueneies 

of this ]i(jiiid ill mixtures with elilorofoiiin nilrol)en/eiu , Uhvl dlier, aecToiie and in('1hvl-(Tljvl 
keloiU' are described. No elianj^es are pi‘r(‘eptible in sohitions wilh chloroform. This is 
exiilained. on th(. basis of the al)sen<-e of either a dniioj or an aece])tor atom iu tin's solvent, 
which is therefore supposed not to have any influence on the acid, d'he other four substances, 
on the* oilier hand, briiijj, aliout distnu'l shifts in the (' O lieijiiency in iiarticular. This is 
attributed to the pieseiici* of the doinn- atom f) in t h(\se molecules, whicdi is in a pf)sition fo 
assoc iate with the ac t (‘ptoT 1 f in tin ac'id molecules. Such an assoc iation can brintj alioiit 
the splitlin;.^ of the assuc iab d moleenh s of the acid also, whic'h lliiudorc results in the clian^'C' 
of the Raman frequeiu ies of the acid. A new line with trtf|uciJi > jyou cm, ‘ is ascnficd Ifj tlie 
free C-O l>ond in the acid which arisCvS out of llu disrii)di(»n of the ac id complexes into 
simpler inoh-cules and whic'h n mains irec' in the ikav euin])lex formed uitli IJie solvent, as 
there is no aecaiitoi IT in the niokc'ules of these solvents to }.'et associated with Ihc O in it 

r N T R 0 T) I' T ION 

111 a previous fiublicatioii,' llie aulltor .studial llic Raiiutii siicctnnii of acetic 

acid at diflcrent coiiccTitralioiis in water and lomid tlial tlic jn incipal C”- () liaiid 
of the acid wilh its intensity maxiniuin at 1670 gradually shifted with dilution 
towards higlicr frctiucncics. At 2 ^'}u i oncentialion of tJic acid, it was found lliat 
the intensity maxiiiiuui of the C — f) hand was alioiit 1710. Py a study of the 
effect of tciii[)erature on the acid, it was found that by iiitrcasing the tcni]jcratiirc 
the intensity niaxiniuni again shifted in the same direction It was iiointed out 
that the appeaiance of tlie hand at joo’C in the pure acid was similar to that at 
95% concentration of the acid in water. These results were attributed to the 
breaking up of the initially associated molecules f)f tlie acid into lower polymers 
at higher temperatures and at higher dilutions. Similar results obtained with 
formic and benzoic acids in atjueous solutions were explained similarly.^’ * 

^ Part of the thesis approved for the D.vSe. Degree of the .Vfadras Universitv. This work 
was dnne under the direction and guidance of Dr, 1. Ramukrishna Rao, Andhra Uriiver.sitv, 
Waltair. 

Communicated hy the Indian Physical vSociety. 
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Wliilc these chan^^es were observed in aqueous solutions, the acid showed no 
cliange in solvents like benzene and carbon-tetra chloride. The two non-aqueous 
solvL'iils elujsen liaviug been non-polar, the dissociating effect in aqueous solutions 
was attributed to the polar solvent, water. 

A further elueidatioii of the phenoiiieiioii was necessary for a complete 
understanding of tlie phenomenon of association in acetic acid and hence the 
author studied the Raman s]>LCtrum of the acid in other non-aqueous polar 
solvents. The results obtained are detailed below. 

K X ? K R T M Jf, N T A L 

'bhe usual experimental arrangements foi obtaining Raman sijcctra of licjuids 
described already in the aiilhor’s ])revioLis communication' were used. The 
li()uids under study wei e distilled in vacinini and rendered free from water to 
eliniinale its ellec t. 'iVansf erring' of solutions was done without disturlnng the 
arraiigenient, Tlius the slit of tlie sj)ectrugraph was kept at the same constant 
width throughout the investigations. 


R K S (.1 h T S 

l^)l:lr liquids can be l)roadIy classified as normal and abnormal. Among' 
these, iiornial liquids are those, which, though polar, are not associated. 
Abnormal liquids are highly associated and show abnormal physico-chemical 
properties. The fatty ac'ids, alcoliols and water are prominent examples of 
abnormal liquids, while almost all other polar liquids are iiornial—acetone, ether, 
j]itrobeii/eiie, etc. Ihil some of these iioriiial liquids have got a strong tendency 
to associate with other molecules. A molecule having a ‘ donor ’ atom has got 
affinity for one liaving an ' acceptor ' atom and forjus a donor-acceptor link with 
it. An associated liquid has got l)oth a donor and an accei)tor and hence co- 
ordination or hydrogen bond formation (as the American school calls it) takes 
[dace and the molecules associate. 

The effect of chloruforiii, nitrobenzene, diethyl-ethcr, acetone, and methyl- 
ethyl ketone on acetic acid was studied with a view to observe The changes in 
the polymerisation of the acid. ( )f these, nitroheiizenc has the highest dipole- 
moment about 4 X e.s.ti. and the rest of the solvents have moments ranging 
from 1^55 for ether to :2-5 for acetone. 

The following results were obtained : the first three solutions were 50 : 50 
mixturevS by volume. 

I. Soluiio)'t in chloroform. 

There are no prominent clianges in the Raman lines of acetic acid in 
chloroform. 
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In N liiohcnzenc. 

The C"C line of acetic acid at Av— is unchanged. The C“C) line at 1670 
rendered less diffuse and anolher line at about 1 700 makes its ai)X>earance. 
Both these lines are not very clear on the i)lale due to the continuous spectrum 
which develox)ed during the exposure. 

3. Tn Ether, 

The C — C line in the pure acid has a faint component at about 87:^, wliicli is 
not visible with ordinary exi^osnres. In the solution in ether, this line accom- 
l)anymg the 803-line increases in inten>ity sucli that it is clearly seen, coniparable 
in intensity to the strongest 803-line. 'J'lie C ^ ) line a1 1(^70 gets more dilliise 
than in the pure acid and two dilT use lines, with intensity maxima at 1 (>83 and 
1750 can be clearly seen. 

4. Tn Acetone, 

'Hie most prominent changes are undergone by acetic acid in mixtuies of 
acetone and of methyl-ethyl ketone with the acid. Three different conceiitiations, 
75'/o, 25% of tlie acid in the mixture have been studied. 

Conspicuous changes are observed on the following lines : 

r -C' line . — As in the ca.se of solution in ether, the low-fre(incncy companion 
at 87:^ makes its ap])earance in a 75% solution, and as the concentration of the 
acid in the jnixturc decreases, the h)w-frequeney component increases in iiileiisity, 
till at 25% concentration, it is more intense than the 8g3-linc itself. Theie is 
no line in acetone in that region and hence the effect can be altributed only to 
acetic acid molecules (Fig- r) (Plate XI). In the micro] )liolonieiic curves given 
in fig. 1 the increase in intensity of the S7^-line at higher concentrations is 
clearly seen. 

C = 0 line . — Jn pure acetic acid, the C = C) freciuency is about it)7o. In pure 
acetone it is about 1712. In the mixture the 1070-line maximum is seen inoceed- 
ing towards higher frequencies with dilution till it gets blended with the acetone 
line. In addition, a line at 1760 which is (jiiite sharp, makes its apj^eaiancc. 
This line is present at all the three concentrations studied. 

Av = 623. 

This line also seems to change in a manner similar to the C line at 893. 
In the jiure acid, it has got a low-ficquency coiniioiient at 601, but the component 
is too feeble to be visible with ordinary exi)Osures. But as the conceiitiation of 
acetic acid in the mixture decreases, the intensity of its lovv-fitquency coin])uuent 
increases correspondingly. 

5. 7 n McthyUcthyl keionc. 

The" effect in methyl-ethyl ketone is similar to that in acetone. As before, 
there is a clear splitting of the 8Q3-line and an increase in tlie intensity of its low- 
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frequency c-o]n]»onent witli increasing dihition of the acid iji the solvent (Fig, ij. 
The line at i()7o shifts towards higher frequencies till it gels l)icnded with the 
C — O line of the ketuiie at 17J5 and the new line at lybo also makes itvS apjjear* 
ance. Tlie effect on the line 6:j3 could ru;l be stiulicd due to the presence of 
another ketone line close to it. 

i'amp(niS()n oj iltcsv nstills a'ltii those obtained by riduiion in othci SolLtiiis. 

lua a proper uiulei standing of the behaviour of acetic acid molecules in the 
different vS(jl\t‘nls studied, a comparison of tlie results obtained with other solvents 
also is necessary. We sliall lirst lake the C~( ) line at 1670 which is bound to be 
aflected most by f)olymei isatiori 01 de]>olvmcrisation. 

In noTupolai sobents, Ijcnzciie and carbon-tetrachloride, tliis line is un- 
anected. Among othei solvents, cldoroforju does not seem to have any percep- 
ti 1 )le elfect on it. Nitrobenzene splits it into two components, one at ib7(;> and 
anolhei at 1760 'i'he same is the case u ith ether Iml the 1070-line shifts slightly 
tnwartls higher fre(iueneies and l)olh the lines are very dilTuse unlike what they 
are in niti ol)enzeiie solution. In ketones (acetone and methyl-ethyl ketone) as 
solvents, uc again see the r67o-line shill ing lowards higlier frequencies and the 
i7(io-liiie appearing. The actual positron ol the shifted ibyo-line and its spectral 
chaiacteiistics cannot be estimated on accoiml of tlie superposition of the i7i5- 
line of the ketone on it. Wliile in all these [>olar solvents, a clear distirfet line 
at i7ho is oi)tained, it is signilicant that in water alone, no such line at rytjo is 
found even at a dilution of 25%. In aqueoirs solutions, the T70(rline gets more 
and na>rc difluse and shifts gradually towards higlier fi equcncies/’^ At no stage 
can two distinct lines, either shari> and separate as in nitrobenzene or difluse and 
yet discreet as in ether, be obtained. 

With regard to other lines, there is again a difference in their behaviour in 
water and in the other polar solvents^ The Oao- and 8q3-linLS are unaffected in 
solutions in rrori-polai solvents and in clihirofoirn In uitiobcri'/ene there does not 
seem to be any conspicuous change. But in ethci both of them double up with 
low frequency components at (101 and 87a resi)ectively. In acetone and methyi- 
ethyl ketoire, the same is the case and we find that as the concentration of the acid 
in the solution diminisJies, the luw-frcquericy lines Ixcorne more intense till at 25% 
acid in acetone, the S7.>lirie outshines rts companion. The reverse happens in 
aqueous solutions The liircs tend to become more difftise with decreasing con- 
centration, the low-freqirency CK^rnporient disa])pearing even at high concentra- 
tions. This is again a conspicuous difference between aqueous and non-aqueous 
solutions of the polar type. 

DISCUSSION 

To understand the changes listed above, we must first get an idea of the 
molecular structure of the acid and that of the solvent used. As we already know, 
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ilu; iu'id is at] associated liquid, mostly containing dimers of llic tyi)e 

H >C-CH ; 

There is no definite evidence for the existence or non-existence c)f otlier more 
complicated molecules or less complicated ones. The solvents employed in these 
investigations are of three types: (i) non-polar, ( 2 ) polar and normal and (3) 
polar and ahnoniial or associated. In the first case no changes are observed, 
showing that the acid molecules remain as they are This observation is in conso- 
nance with existing idiysico-cliemical data which gives abnormal values for the 
molecular weights of a^'etic acid in non-polar solvents like benz,ene. 

In polar solvents, changes are observed, showing tliereliy that the molecular 
structure of the acid is alTected. The following changes may take place : 

(/) Breaking up of associated molecules into siinplei ones. 

(li) h'ornialion of complexes belween the solvent molecules and the simple 
molecules so liberated. 

'i'hus, in general, there is the pc)ssil)ility of such a .solution containing the 
follou ing tyi)es of inolccnles : (I) unbroken molecular aggregates of the pure 

acid, (II), lower polymers like monomers and (III) complexes formed will; the 
solvent. An exi)laiiation of the changes observed in the liamaii spectium of the 
acid in the different i)olar .solvents is bound to be dependent upon the factors 
outlined above. 

Next we should consider the eflect of these erhauges uj)on the frequencies of 
the particular oscillations studied. The author has already pointed out that the 
eilect of association on the C — O line is to reduce its frequency and the eflect ol 
depolyiiierisation is to increase it, if the co-ordination or the formation of the 
hydrogen bond takes place on the O in C— ().*’ ^ Based upon this factor, it was 

argued that in aqueous solutions of acetic, formic and benzoic acids, the increase 
in frequeiicy of the C=C) band is due to the formation of lower polymers. 
Association can take place not only through the O hi C — O, but through 
H ill OH which can act as an acceptor. It is only in the case c»f similar 
molecules, i.c., in the case of molecular polymers of the pure acid alone, 
that both the donor and acceptor atoms are linked uj) through hydrogen bonds. 
If, on the other hand, a different molecule, say ether or acetone, fortiis a ccjirqilex 
with the acid, then its donor atoms link up only with Ihc acceptor atoms in 
the acid, viz., with the H in OH. Thus, the C = 0 is unlinked, its external 
binding through the hydrogen bond is released, and the effect on it, if any, 
of the hydiogen bond at the end of the H in OH may not be towards diminish- 
ing it. Hence, again, there is an increase in the frequency of the C==0, if 
a molecular complex is formed between the acid molecule and another molecule 
having a donor atom. 
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The cliaiij^CvS uiidcTKOue by the KaiTiau lines of acetone and inelhyl-ethyl 
ketone in acetic acid are discussed in another liaiier.^’ The effect of acetone, 
inetliyi-ethyl ketone and etlier on the acid seems to be to break up the associated 
uiolecnles (probably diiiiersj into their inononiers and form ccjinplcxes with them 
of the tyi)es 

CU-lK /CH, 

N.)n.,,()- c\; 

' CM, 

//"' 

cn,r<\ /CM, 

OM.. ()= C( 

^CJl.o 

//- 

CM — CC 

^CJI.. 

lii all these, the C ~() linkage of the acid is unattached and lienee the 1700- 
liiie may i)ro1)ably be due io tliis. That it may not \)c due to the C- () in 
acetone 01 methyl-ethyl ketone is shown by the fact that the line is present in 
solutions in ether as well as in nitrobenzene. 

The C C bindini; in these cases seems to ])e affected l)y the foimation of 
these comi)lexes. Mence the ai)peaiance of the new line at S72. 'riie* fact 
that the line increases in intensity with iiiereasiug dilution of the acid shows 
that at grealei dilutions more and more inolecides of the acid are In'oken up 
and link theinsehes to the solvent to foim conijjlexes. The changes in the 620- 
line are cxjdaiiied similarly. 'I'he author attributed ^ this line to an external 
oseillalion of the carboxyl group. If this gioup is attached to an external 
molecule, the line is bound to I)e disjdaced and the' doubling is caused by the 
prCvSencc of attached and unattached molecules In the mixture. Further con- 
liriiiation of this is found in the fact that these low-frequency components 
api>eariii the pure state of the acid, w hile they disappear at greater dilutions 
in water, 1 he fact that the Mgyline is not doubled in solutions of acetic acid 
in nitrobenzene is probably due to the non-fonnatioii of complexes. The effect 
of nitrobenzene may be merely to break uij the dimers into monomers on 
account of its large dipole niumeiit. The NOs-linc of nitrobenzene is itself 
unshifted and hence this conjecture. Chloroform does not seem to have any 
eflcct at all 011 the acid. Frgbably the effect of the dipole interaction is too 
feeble to break the dimers of the acid. 

The effect of water on the acid is distinctly dissimilar to that of all the 
l)revious solvents studied. While there is the appearance of two distinct lines 
for the frequencies 620, 893 and 1670 in all the other polar solvents, in w^ater 
there is a gradual shifting of the inaxiimim of the i670-l)and towards 1710 at 
higher dilutions and the other lines nierelj^ get diffuse, the low-frcquency coinpo- 
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tients clisappeariiif^. This, as has been already pointed out, vsceins to be due to 
the breaking up of the higher polymers into lower ones. The fact that the 
low-frequency components of the 620- and Sc^-lines which are character ivStic of 
the higher polymers disai)i)ear in aqueous solutions, lends sui>i)orl to this view. 
But it may be argued, why don*t water iiiolecules link lljeinselves uj) with 
the monomers so formed and form coin]*lexes as in the case of solutions in 
acetone and methyl-ethyl ketone? If they should link up to the C — t >, the C-( ) 
frequency must be diminished. Ihd in fact it increases. The lines charactei- 
istic of the higher ])olymcrs of the complexes formed with the numomers, 
the lOW-frequeiicy components of the 0.^0- and Sordines are absent in aqueous 
solution, lleiiee it IS evident from the data lliat hydrates witli water do not 
seem lo lie foniieel. There is iiother way of linking in urcler to form a hydrate 
The H ill ( )H hi acetic aci,' may act as an acccphir aiul the O in water may 

lie the donor. Then the .slnictm,. of the hydrate le.semhle.s that of the acetonate 

jiiven already and lienee the lytio-line must lie cx])erte-d. Also the low-frctiuenty 
components of the lines (uo and So,^ must make their ai.iiearance as in the 
case of other sol venls. lixpcriincnf shows that there is no trace- of a separate' 
and distinct T7(io-line and that the 6oi-and 87.vlinL-s actually disappear in aqueous 
solutions. Moi cover, pliysico-chemieal data of Jones and his co-workers point 
out to the non-existence of hydrates of aeetie acid in aiiiieoiis solutions.^ Hence 
the changes of the Raman lines of acetic acid in aijnemts solulion.s seem lo 
be duconly to a depolymorisation of the acid in the solvent, as pointed mil 

else where." , 

Probably a disliuctlon can be drawn between Uie eiiecl e o lei po ai 

»lvc.nlsaml .1.,,. <.( aaur I,, ll.a caa.- o( aaka, wa arc «.U. an 

abnormal and associated liquid. It is well known that the died of one as^.ciated 
licluid on anolhei is tow-ards nmlual depolymei isation. h.ach tends to dimmish 

the association of the other. Probably that is so in mixtures of fatty acids and 
The extreme diUnsineaa n..l only ..I Illo C-O line bin ol every otbe. 

line in aqueous solnlions a|.|.vara lo be line to llie lliiclnationa of I'';!”™-': 

tiou field of the water envelope round each molecule in genera . ic c ec o 
this field and its fluctuations is maxiimmi in the case of water as compared lo 
the other polar solvents, probably on account of flic small size of the molecule. 
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MOLECULAR ASSOCIATION IN ACETONE AND METHYL- 

ETHYL KETONE* 

By P. KOTESWARAM 

{Rt’cnved for pitblicatioi, July /, iqio) 

I'lule XXII 

ABSTRACT, Tlip Kaitiaii sptciruin of niotniic is stmlicil in diffirpnl solwnts ; water, 
inetbvl alcohol, phenol and acetic acid nt diih'rcnt concent rations. In all these eas('s, the 
C - O line cif acetone* is found to sliift hmards snialU*! fn (jnciicii .s. nhilc its C — C line and some 
of Die deformation frcflucncics an found vsliiftin^ h>wards hij.;her fie(|iK*ncies. In acetic acid, 
a lU'U' line at 1760 cju. ‘ is obtained. Tiiese results are explained on Die basis of tlic forinatinn 

of hydrates in \A al(‘r, and conipU'xes between the acetone inoleeules and those of the solvent 

in which it is dissrdved. While tliCvse solvents produce such i'ons]iieiions changes, non pohar 
solvents like ben/ene and c arbon-UtiMchb)ride and normal ])olar solvents like ether and 
chloroform do not produce any eflecl on the Raman si)e(‘1rnm of acetone. Thus act'tone 
sieins to associati* cudy willi molecules haviiisj;' an acc«q)loi atom. J-^imilar results obtaineii 
with metlivl (dhyl ketone are similarly explained, 

M 0 I, K C U TAR A vS S ( ) C T A T 1 ( ) N T N A C R T O NR AND 

M U T II Y L ^ K 'J' II Y T K K 1' O N E 

I N R O D U C r I O N 

'file application of Raman effect to the problem of molecular association 
has been the subject of tecciit investigations by tlic author. Ramakrishna Rao* 
first applied it to the study of water and interpreted the structural variations 
of the Raman water band with temperature as being due to the changes in the 
relative intensities of its three maxima which are themselves due to the presence 
of polymers of the type (Iljf));? and HoO. An application of the 

same method to heavy water hy Ramakrishna Rao and the author revealed 
similar intensity variations in its Raman band witli temperature and lliese 
variations were again exi)lained as due to the change in the eciuilibriimi between 
three types of polymers in heavy water also (Il2b))o and Dofk 

Uxtendiiig the work to other associated liijuids, the author studied the Raman 
spectra of acetic,^ formic and benzoic acids '^ in their solutions in water and 
ut dilTcrent temperatures. The lulensily maximum of the band due to the 
carbonyl frequency in all the acids studied was found to be shifting towards 
higher frequencies on dilution in aqueous solutions and with increased teinpcra- 

* Pari of Die thesis npprcjvi il for the D.Sc (k’grec. of the Madras LiiivTisity. 

Coniiimnicated by the Tiuhaii Physical vSocictv, 

2 
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turcs. 'Phesc results were explained on the eissuinplion that the molecules of 
the fatty acids are initially associated and that they break u[) at hi^^dier tempera- 
tures into their lower polymers as in the case of water and heavy water and 
also that tliey depolynierise in the presence of a highly associated solvent 
like water. 

To study the l)ehaviour of acetic acid in other solvents also, the Raman 
spectra of tliis sulrstance in mixtures with both polar and non-polar liquids 
were taken/' 'riierein it was found that in non-polar solvents like benzene 
ami carbon tetrachloride, acid molecules are not aflected, the Raman spectrum 
of the mixture beinc just a su[wer[)osition of the S])ect ra of the individual com- 
ponents. Hut in f)thcr polar solvents, nitrobenzene, ether, acetone and methyl- 
ethyl ketone, the C — O line consisted of two detinite lines, one at 1670 as in 
the pine acid and another at 17^0, which was rUtriI)uted to the externally 
unattached C-t ) in the complex formed between the acid and the solvent, 
h'urlher c'vidence for the formation of the comi^lexes was cot Ijy a study of tlu- 
acetone lines which aie tlieinselves affected in the presence of acetic acid. A 
detailed study of the behaviour of acetone and methyl-ethyl ketone, not only 
in solutions in acetic aeid blit in a mindier of other solvents, gives an insight 
into the cai>acity of these ketones to associati* witJi other dissimilar molecules. 

j{ X V le R T M n: N r a l 

Idle experimental arrangement used was the usual Wo id's lube with a 
)olin" trough. NaNt)2 solution wais used to filter off qogb-liiie of the mercury 
arc and the other lines of lowei WMveleiigths. 'I'he liipiids were rendered free 
fiom water and vacuum-distilled. 

RAMAN S V n C T R 11 M O !•' A C R T ( > N TC 

The Raman spectrum of acetone w'as investigated by a large nuiiiber of 
wnn'kers, prominent among them being Dadieu and Kolilransclf Whilelaw', 
fTaiiosaTi and Venkalesw^araii'', Dillon Dicknisen'^, vSirkar^'^ IwksalP ' and 
hhigler^'^. Bales, Anderson and HaifoiaD studied Dentero-acetone. As acetone 
gives sliai'i) lines, there are no discrepancies with regard to its Raman frequencies. 
Rolihausch gives the Raman frequencies for the liiiuid as the mean of the 
frcijiieiicies observed by a iiumlier of workers. The intensities of the lines are 
mentioned in brackets o[)posite each frequency. 376(a), /1Qo(ii, 526^3), 788(10), 
qoifo), inbt)(3), Trgg]3), I223f5), 1340(0), iR^of^b), 1712(5; 2025(10), 

2069(2), 30 <’ 3 (-)* 

hklsall worked wdth aqueous solutions of acetone and found 110 shifts in 
the frequencies. Wliiting and Martin^ ^ wxaking with acetone and carbon 
disuli)hide mixture detected no effect. 

(h)rdy,’ working in the infra-red region, reported a shift of C = 0 absorption 
in acetone towards longer frequencies in heavy water and chloroform solutions. 
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He could not study the effect of water upon the C- ( ) fieciuency due to the 
superposition of tlie absorption hand of waler in the same rei; ion. In a recent 
publication^ ‘b he found a new al>sor[)tion frequency at .\n in mixtures of acetone 
and cliJoiofonn and attributed it to the fretiuency due to tile hydrogen bond 
— II-. , I)et\\ een the () in C~0 and H in C'- 11 in cldorofonn. Tliis he 
claimed as the hist disco\'ery oi the direct spectrum of the hydrogen bond, 
all other evidences being indirect, Ixised n]>oii the changes in the ficquencies 
of the bands closest to that of liydrogen. 

RAMAN S P C T R U M O ]- 1\I K T T1 V L - 1\ T T1 V h R Pi '1' O N TC 

'I'lie Raman spectrum of this litjnid was studied by Dadieu Kohhauscld’, 
Whitelaw/ (^lancvSan and Venkateswaran*^ and Kohlrauncli and Koiipl’^. l)ne 
to discrepancies in the measurements bv various workers, the autlior again 
measured the frequencieSj and the results o]>tained by the different autliois are 
given below. 

Taupe I 


( inne^an and 
^"cIlkate^^\ at an 


Wliit't law 


Koldi niiM'li 
aii<l K(jppl 


Anther 


— ' 
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406 0) 

Sho(2) 1 

1 
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1 
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1 
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i 
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-* 
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I o9o( I ) 

) 
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1 
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3412(313) 
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1450(5) 
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1712(7) 

- 

29 15 '3) 

21)17(10!)) 

2925,(86) 
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Jl V V C T r I ) I V 1- U R li N 'I' S () L V N T ^ ON T H Tv RAMAN 
S T* Iv C T R i: M O I’ A C K T O N R 

Dirfercnt solvents were chovSen for slndynin their effect on the molecules of 
acetone. They are (/) non-i)(‘lai- * benzene and carbon-tetrachloride, fh') i)olar 
and normal chloroform, ether, (Hi) [)olar and abnormal — water, methyl alcohol, 
phenol and acetic acid. The rc'sult.s ol>tained in a!! these cases are given belon . 

(0 Mon-Polci} : Benzene and carbr)n-tetraehloride has no effect on the 
Raman sj>eclrimi of acetone as was the cas-* on acetic acid. This is in accordance 
with Whiting and Martin’s observation that carl)on-disnlf)hide also had no effect 
on acetone. 

(a) Polat and Nounal : Among the normal j)olar solvents studied, ether 
and chloroform difl'er in the fact tljat ether does ii jt have a hydrogen atom to 
link up to tlie () in C”-() in acetone. Botlt the liquids, acetone and ether, have 
donor atoms O. Hence there was naturally no efl'ect of either of the molecnlevS 
on the olhei . In the case of chloroform, it has got a hydrogen atom linked up 
to the carbon and recent solubility and infra-red data jjoint out the i)c)ssibilily of 
the II in cliloroform having acceptor properties. In fact, f lOrdy ret)orted the 
absor])tion due to the hydrogen Ivmd between (J in C~() in acetone and the H 
in ehlorolonn. But even prolonged exposmes with mixtures of acettme and 
cliloroform did not give any trace of a line or hand in the ugicn 4 /^ 'Ai'“25oo) 
as indicated by (lordy or in the i eg ion of the familiar ( )H band (Ar-- - 
3600). The spectium of the mixlnie was just I he SLipcr|)Ositioii of the spectra 
of the individual components as in the pievious ca^e. There was no shift of 
any of the acetone lines or of tlie cliloi ofcntii lines as repoited hy (lordy in the 
nifra red region. 

(in) Volai amJ Abnonual : This class of liquids l^ronght aliout conspicuous 
changes in the Raman spectia of acetone. The results with each one of the 
]i(]uids are given scjialnw : 

(i) Iba/c/ ; Ivdsall ie]ioited no sliifls of the C = () line in solutions of 
acctniie in watei. But the author ulxsei ved sliifts not only of the C — O line but 
of a nunil)er of oilier lines of acet<»ne. Raman si)eclra of solutions containing 
75 %, 5 ^^% ^uid e’5/;. i)y volume of acetone in water w^^rc compared with 
that for the imre ]i(jnid and the following changes were observed in dilute solu- 
tions : — 

GO The line 171.! attributed to the C = 0 fretiuency, definitely shifted 
giadualiy to .smaller frequencies w itli increasing concentration of water. 

(b) The line 7 .SS attributed to the C“C oscillation sliifls gradually, to longer 
frequencies. 

(r) rile lines 530, io6g, 1223, i34u shift to longer frequencies wdth increasing 
dilution. 

(d) riic line 370 becomes very weak at higher dilutions. 
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Figure i (a.) gives the Raman spectra of pure acetone as compared wiUi that 
of a 75% solution in water, i {b) comparers pure acetone with a 25% solution. 

The following table gives the appro^'imalc frequencies of the C-C and the 
C = 0 lines at the different concentrations : - 

Tauce II 

C - C and C — (.) fre(]uencies of Acetone m Aipieous Solutions 


Percentage 1 

acetone | 

1 

C-C I 

C-C) 

Pure 

■ 1 

78S I 

j/j;’ 

Qo% 

793 

1706 

75 % 

796 

J7cq 

50% 

j 799 

1702 

25% 

1 8o'') 

1 696 


Measuicments are from microjdiotometric cuives under high magnification, 

(2) Mclbyl /Ucohol ; Methyl alcohol did not produce as pronounced an 
effect as in the case of water. But a slight vShift in the C~() line at 1712 towards 
shorter frc(iuencies is peicejitihie. In the microidiotometi ic curve of the Raman 
spectrum of a 50:50 mixture, the C- f) line show s a slruclure with two peaks. 
The 1223-liiie shows a dii^tinct shift at higher dilutions. 

(3) riiC'iioJ : Phenol produces very conspicuous shifts (>n the lines c;f acetone. 
Four different coiicentratioiis weic studied \vilh incicasing ])T()i)ortion5 of jdienol 
by weight, (liz.) 53%, .'\o%, 34% and 137^ of acetone in tlie mixUires. 'I'he 
percentages are by weight. In the vsolution.s, the C — O band at 1712 again 
definitely shifts to shorter freejuenriLS ard the C“ C line at 7^’8 shifts to linger 
frequencies. (Observations of the shifts of the C — C line ai c difljcult due to the 
presence of the 8T2-linc of plier.ol c'cj-e to it and to the high-frcfiuency side of it, 
but a closer SCI utiny reveafs the shift in this line. Aimng ihe other lines, the 
shift in the 530-iine cannot be obseived on account of the super] jo.sition of a line 
due to phenol, and the 1 223-iiiie gets more dillusc and shows a large sliifl low'ards 
higher frequencies. This is due to the super] )cxsit ion of the 305g-line of phenol 
excited by the 4046-mercury-linc, which is transmitted feebly through the sodium- 
nitrite filter. The 13^0-liije seems to be supinessed in solutions. Figure 1 (c) 

, compares the Raman sj^ectrum of pure acetone with that of a mixture containing 
, 34% acetone and 68% of phenol. 

(4) AceUc Acid : Acetic acid again produces pronounced effects on tlic 
Raman spectrum of acetone. The effect of acetone on llie Raman peclrum 
cjf acetic acid has been discussed in a previous publication.' The effect 
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(A acclic ac'ul on aoetono is a,ivcii licrc. Tiireu ron cent rat ions 75%, 50%, 
and \olniii(j ot a(xU>iio in the solutions were studied. The effect 

on the (.) line ol ac'eloiie cannot be sUulied witli i)recisioii due lo the super- 
position fA Uie shifted ( ) line of acetic acid (ill it, l)Ut a y»erusal oi the spectra 
and their inicrophopjinetric traces points (iUt to the ])i(_)lialji1ity of tlie C=0 Hue 
haviii.e shifted towards low freciiiencies as in the other cases described above. 
Hilt the sliihiiiK <A the C— C' line at 7S.S tow aids higher frc(iiieiicies is quite clear 
and tlie effect ('an be tiaced to acetone alone , as tliere is no acctic-acid line in 
tluat reeion. iMpme i f^/) pives tlie Raman specti a of acetone, acetic acid and a 
50:50 mixture of acetone and acetic acid, d'hc new line at 1760 makes its 
ai)[)earan('e in ab the three coiu'entrations. It is marked Ijy an arrow in iiy,ure 
] id) It is \ery (dear in the 5'‘-5<» mixture by volume. The lines 530, iu6g, 
12:^3, and 1310 liavL s]iift(.'d to loii^gc'r fie((ueijcies. The eflect can be taken to be 
that ol acetone as in the 50'/:', mixtui e, the time of exjiosiire beini' reduced in 
order not to excite tlie feeble lines of ac'etic acid in that re^qion. 

S P M M A R V 0 J* r II l<: R R s P b T vS 

(1) In Solnlicnis ol acetone in noii'-pokir so]\’eiUs like l^en/eue and earlion- 
tetrachloride, the Raman lines are nnaffected, the spet'tinm of the mixtnre bein^ 
an exact siiivrposilion of the si>ectia of the individual L'»mip('iieiits. ^ 

(;) vSimil'ii is the case in solutions of acetone in normal polar solvents— 
chloiofoim and ethei. Tlie acetone lines are unaflecled by tlie presence of the 
solvent. 

(3) Wateig meth>l aU'obol, i)heiiol and acetic acid produce distinct changes 
in the Raman si)eclrum of aceloms the main alterations beiuR a shift of tire i7r2- 
line towaids shorter fiaciueiicies, and a corresponding shift of the 7S{vline towards 
liighei fieipiencies. 'Hie lines 530, rooq, r223, r 3,10 shift tow aids higher 

freijuencics in mixtures of ac’etoiie with water and acetic acid, wliilc in niedhyl 
alcohol, Hie 1223-line shifts towards hi^r.liei frequencies. In phenol it is not pos- 
sible to study these lines on account of their \eiy feeble excitation and due lo 
their superposition on the phenol lines. 'I'lie shift is pro.iqessive in all thCvSe 
S(_)lutioris, hij^her dilutiorrs produciiii; i;realer shrfts. 

p: I- 1- !•: c 'r op so p v p: n t s on jm p: t it v p - p: 'i' u y p k 11 r fo n e 

Similar results were obtained with methybethyl ketone. Non-polar solvents 
like hen/eiie airel car boii-lelrachloride and normal polar solvents like ether and 
chloraiform do not produce any effect oir the ketone. The effect of water and 
acetic acid is exactly similar to that on acetone, P^ig. 2 gives the effect jrroduced 
by waiter in a 30% solution (M' the ketone (by xoluine). The C = (l line at 1712 
is again shifted to lower frequencies. The C^C line at 705 is shifted to higher 
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frequencies. Tbe i.s also sliiftiMl \o liiejicr frc(iucncics and 

the effect of the other lines t'onld not l)e studied due to their feebleness. 

The effect of acetic acid on the ketone is a^ain sunilai to lhal on acetone 
The low-frequency shift of the I7i2dine cannot l)e studied distinctly on account 
of the superposition of the shifted C — O of the acetic acid. 'I'he effect on the 
C — C 765-line, (r/c,) its hi^h-fiequeiiey shift, is detectable. The new line at 
1760 can be seen in a mixture of the ketone in the acid (50 : ^0 by volume). 

I) I S CM 1 vS vS 1 0 N ( » 1* T FT F^ F< U: S T L '1' S 

Tlic results outlined above point out to a de finite ehan.ee in tlie molecular 
structures of acetcnie in abnormal polar solvents like water, methyl alcokol , phenol, 
acetic acid, while no such chau'^e is noticed in non-polar solvents like ben/ene 
and carbon-tetrachloride and in polar norina^ solvents like etlier and chloroform, 
'fliat the non-polar s(ffvents do iidI ha^'e any effect on the solutes (the waads 
solvent and solute are used merely to indicate llu* two comi>onents of the mixture 
with no special sii^nihcance such as that the solvent is the lari-i^er component 
by w'ei^elit or by vohinie) is w'ell-known and is explained by the fact that they 
cannot have any diiiole interaction producing:;' molecular association or dissociation 
on the solute for the simple retison that tliey do not possess any dipoles. In 
the case of polar normal liquids, the behaviour of ether is ay.ain plain as molecular 
asrjociation cliu take ])lacc only when i\ domjr and an acceptor atoms are present 
ill the mixture. Both etijer and acetone have donoi’ atoms and hence tliere 
cannot be a hydro.ireii bond in.L; bet w^een them, keceiit infra-red data hy (lordy 
and his co-workers and the .sohihility data of Gladstone and otliers led to the 
supposition that chloiajform can form hydro.yeJi bonds throu.eh its hydrO).;en 
actiri” as an acceptor. As has been stated already, tlordy claimed to have 
recorded the hydrogen bond between acetone and clilorohinii But the 
author’s w'ork on Raman siiectra does not lend siqiort to the conclusion. Ivveii 
suy)posing that the band excited hy the hydro.^eii bond is infra-red active and 
Raman inactive, there must he a pronounced effect on the C= () oscillation in 
acetone. In fact (hirdy reports a shift in tlie C — ( ) towards hi^lier frecpiencies. 
But no such shift is observed hy the author in the Raman si>ectnnn of the 
mixture of acetone and chlorofonm 

On the other hand, abnormal licpiids like water, jffienol, acetic acid, and 
methyl alcohol produce marked chan;^es on the Raman sj)ectruni of acetone. 
The shift of the C = 0 line tow'ards shorter fixaiiieiicies is very siRiiificaiit. In 
previous publications,’'’^ it was argued that association must bring about 
a decrease in the frequency of the C-() l)ond. The effect of the external 
attachment like tlie hydro.gcn bond was pointed out to be towards a diminution 
of the C — O binding. The fact that water of crystallisation diminishes the 
frequency of the NO.^-ioii in a number of nitrates was also jujinted out in 
support of the contention. In the prCvSent work, there is cliiect evidence of such 
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a diniinulioii of the C — O frequency by an external attachment. The strong 
donor O of tlie ( ) in acetone seems to form a hydrogen bond with the H in 
on ol the solvent, and hence the diminution of the C~0 frequency, liut 
(lordy reports a shift of the C = () tf) higher fiequencies in mixtures of acetone 
in heavy water. The author's results iji water mixtures are again in contrast 
to this observatif)!!. 

.An oilier very lemarkcable change is noticeable in solutions of acetone in 
abnormal solvents in the C — C line, 'Jdiis line at 7.S8 shifts to higher fre{|uencies 
in solutions in water, ])heiu)l, methyl alcohol and acetic acid. I'his change is 
also attribntal)V‘ to the formation of tlie conq^lex. Pioliably the effect of the 
external hydiogeii bonding uikui this frequency is to increase it, as compared 
to the deciease in the C—O frequency. The molecular oscillations in these 
eases can be i e]3resented as follows : 

0 
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/ \ 
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"J, — i7I2 


( ) 
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0)2 — 7^1^ 


For the .same external force field, if o>j diminislies, may increase on account 
of the differing nature of the two oscillations. Kohlraiisch and Kopp] attribute 
the values 370, 330, and io6y to deformation frequencies o)., and respectively. 
As it is not proposed to gel into the discussion about the assignment of the 
fre(iuencies in this paper, it is merely staled that the shifts in frequencies 530, 
inbg, and 1340 are all due to the foimalion of the comjffex itself, the 

defoniialioii frequencies as well as the higher overtones also being affected in 
addition to the symmetrical and antisymmetrical oscillations. 

A iierusal of the microphotometric curves of the Raman spectra of acetone 
at different dilutions and a comparisioii of the same with the curves for the 
C~() frecpiencies in acetic acid and in formic acid at different dilutions shows 
that ill all these cases the shift of the intensity maximum is progressive. In 
the case of acetic and formic acids, the shift of the C — () is towards longer 
frequencies and, in the case of acetone, it is towards shorter frequencies in aqueous 
soiuliuns. The two progressive shifts in opposite directions suggest two 
opi^osing eflects on the molecular structure. While in the one case, acetic 
and formic acids, it is towards a strong tlieiiiiig of the C — D bond probably 
caused by the breaking up of the higher polymers into lower ones, in the case 



Molecular Association in Acetone and Methyl-Ethyl Ketone 349 


of acetone, the shift indicates a weakening of tlie l.ond, caused by an external 
attachment and hence by the association of acetone with nater. There is another 
argument. Supposing that the high-frequency shift of the C — () in fatty 
acids in aqueous solutions is due to hydrate fonnati.m, then the low-frequency 
shift in acetone solutions must be due to the breaking up of the comi>Iexcs. 
Acetone is a normal liquid and no complexes exist in the pure slate. Hence 
the low-frequency shift in acetone must lx- due to the formation of a hydratJ 
and correspondingly the high-frequency shift in the fatly acids to the breaking 
Up of the dissociated complexes. 

The progressive nature of the shift can be easily understood, as uith 
increasing dilution, the percentage of complexes in the mixture increases and 
hence, the intensity niaxiinuni of the hand shifts progressively Itnvaids the 
dnection of the frequency of the C=-() in the complex. 

Another distinguishini^ feature in aqueous solutions of both the fatty acids 
and of acetone is that, though it is the intensity niaxiniuin that sliifts, the total 
width of the band remains more or less tlie same In the case of acetic acid, 
tlie band is broad even in the ]mre state, and it remains so at ahiiost all the 
dilutions studied, excejit at every high dilutions when it shows a tendency to 
vSharpen. In the case of acetone, the C = () oscillation is revealed by a slightly 
diffuse line and it remains so at all dilutions. 

Thus the main part of the evidence for iJie formation of association conq^lcxes 
is : 


(1) The shift towards low frequencies of the C — ( ) line in acetone. 

(2) The corresponding shift towards higher frequencies of the C — C 

line. 

(3) Shifts of the other lines, 530, io6y, 1223 and 1340, towards higher 
frequcncics. 

In cases like acetic acid where the shift of the C==0 line cannot be clearly 
delected, the other two evidences help to postulate the possibility of the eoniplex- 
foi Illation. The shifting of the C — Cline and the other deformation frequencies 
in acetone-acetic acid mixtures, in addition to the evidence of the C = () line 
itself which can be seen shifted to lower frequencies in plates which are not 
siiniciently exjiosed to record the acetic acid lines clearly, points out to tlie 

fonnation of an associalional cc)mi>lcx witli the acid as with the oilier solvents- 

walei, methyl-alcohol, and jihcnol. Thus the C— () line at 1760 is attributefl 
to the externally unattached C = 0 of the complex. Detailed reasons for doing so 
are explained elsewhere.'^ 

The next problem is whether acetone breaks up the association of the sol- 
vent and attaches itself to the monomers liberated or whether it attaches itself 
to the higher polymers themselves. In acetic acid, this question can be 
partially answered. In the dimer or in any higher complex, both the donor and 

3 
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.K'ct’ptor aU>ms arc* closed up within a ring stiucture with hydrogen bonds 
inlcrposccl as follows : 


Il3C“C<f X'-CH 


Jo)r the acetone to associate with the acid molecule, it must necessarily break 
ui) the I'olymer in order to liberate the IL Tlius association may take place 
between acetone and the monomer of the acid liberated, as follows’ 


( ) 

/ClI, 

CTTo, 

Tin's breaking up of tlie higher polymers into low^er ones lias also been 
inferred from tin* fact that tlie C — line of aeetic acid shifts towards higher 
fie(jucncies in acetone soiuti«)ns as in the case of dilution in w'ater and at liigbcr 
temperatures, In other solvents it is not easy to detect the same effect, since 
they do not form closed'i ing structui es even on association, Ijcdh the* donor and 
tlie acceptor atoms being at c'ilhei end of the [lolymer and free to ajssoeiate A 
study of the water band in acLtone solutions by SallJbasi^’a kao^ revenUd a 
sharpening of lliis Ijand iinlieatiiig tliat the highei ik) 1 > iiicrs V)reak ti]) 

into low^cr ones and ITjO. lint the water band is a comiiosile one 

involving also tliat excited by the w'ater that has hydrated with the acetone 
molecules. 


K F F E C T ON M 1{ 'r II V L - E T TI V L K K T O N K 

Tile effect of iiornial and abnormal solvents on iiiethyl-etliyl ketone is exactly 
similar to that on acetone. Dilution brings about a shift of the C = t ) line to- 
wauls highei freciueiicies. Solution in acetic acid also gives rise to siniiku 
changes. Hence the ketone seems to form complexes with acetic acid as in the 
case of acetone. 

This w ork was done in 1030 in the I’liysies Laboratories of the Andhra Uni- 
versity, Waltair, under the diiectinii ol Dr. 1 Rainkrishna Rao, to whom the 
aiUlioi desires to express liis gratitude. 
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MOLECULAR ASSOCIATION AS STUDIED BY RAMAN 

EFFECT^ 

By P. KOIESWARAM*' 


{Received joi {mhUccitii'in^ July 2, nj.}<') 

ABSTRACT. I'ldin a si mlv of iii(»1e('ular association bilwccii similar ami ilissiniilai 
molcculi's iTi a iinmbiT of ii(]ui(is and their Jiiixturrs, (’crtain ncral ('oiicliisiniis an diauii 
as to the caust of niolcciilai association. Tt has hccii found that, for nssociatirui IkIwicii two 
molccnlcs, (*iie niiist Innc a donor atom and tin* ollici an .acc cplor. IMi re i»olar iiatmc of a 
molecule doi'S not facilitate association. The extent ol depol vine risat ion of li(|uids on inixiiip 
is also investigated. 


1 N T R 0 T> TJ C T I 0 Is' 

Since very early limes, dilEreiit iiielliods were eiiii)]((>ed for tlie study of 
molecular association in substances. I’liysico-cliemical data based niioii the 
elevation of boiliuR points and the deiuessioj] of freezing; points, or on tile 
determination of surface tension and otber idiysical constants, are subject to 
liiiiitalions jiccnliar to the constants determined and hence association factors 
based upon these determinations were all approximate Another relevant factor 
to be considered is that it is the abnormality in obeying some empirical rule 
which is found to hold good in a number of substances, that indicates that 
their molecules are associated and whicli gives an idea of the degree of asso- 
ciation. These methods can in general be described as statistical, depending 
upon the behaviour of the sirbstance in bulk. 

With the development of newer physical methods like the detenninatiou 
of dielectric constants and diimle moments. X-ray and electron dilTraclion 
methods, and infra-red investigations, a direct ai)]iroach is made to the molecule 
with a view to study its behaviour, 'i'he advent of Itamaii effect takes us 
direct to the molecule as the spectral lines recorded are due to the vibrations 
of individual molecules. 'I'lius the effect of environment on the vibrations of 
the molecules manifests itself by i)rodncing changes in the frequencies and 
intensities of these lines. It is this factor that is most helpful in the study of 
molecular association by this method. With the laesence of another molecule 
attached by a weak valency bond to one of its cou.stituent atoms, the vibrations 
of every molecule are bound to be alleeted and the eifects revealed as shifts 

* Adapted froTii the Itiesi.s approved for the I). Sr. degree of the Madias University. 

Communicated by the Tndian Physiral Society. 
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ill the Kiiiuiiii liiiL-s. Wliat iiaiHiciis in every iiiclividnal molecule is more or 
less visualised ill the Raman s|ieclra and, lliiis, this niclhod vives us a direct 
evidence ahoul the existence or citherwise of association. ] o distinguish this 
method from othei iihysic'ij-chemic'al nielhods, one relevant example may he 
j^iven. In a uoii-]>olar solvent, the inoleeiilar weight of an asscieiated solute 
depends uicon its eoneeiitralioii to a ceiiaiii extent. 'I'his is not due to any 
lireakinv, «1> ef the associated nioleciiles in the solvents at low conceiitraticans, 
hut to other inlliieiices the iiatiiie of which is stili uncertain. No such anomaly 

is iiicseiited in Raman spectra, the speetial lines inidergoiny no change with 
eoTieeiilration of the assomated suhstanee in iion-polar solvents. 

1 )ne of the limitations of this method is that it may not lie iiossihle to; 

determine tlie actual deyree of association in a suhstanee at a paiticniai concen-\^ 

Iration, hut hy a coinparisoii of the intensities of individual coiiipoiieiits \ 
attvihuted to vaiioiis polynieis, an attempt can he made to detenniiie their \ 
percentage ill a litiuid. Typical e.xamides aie the work of Itaniakrislina Rao 
in water,’ in which he evaluated the relative: proportions of the tin ee types of 
polymers at difleient temperatures in watei and the work of Ramakrishna Rao 

and the aiithoi in heavy water. Hut even here, a delei mination of the absolute 

jierceiitaKes cannot he made, only an estimate of the lelntive proportions at the 

different slates heiny possible. 

'I'he work of the author in tins field exm he divided into twp parts; 

I Association hetweeii similar molecules and e. Association helweeii elissimilar 

molecules. 

(i) Ih Iwccu shuilai wolcntUa 


The hehavioin of water .at difleient teinperatiircs is the starting point for 
these invesliyatioiis. Ramaki ishiia Rao's' work on its Raman l.and and his 
observations that it consists of tliiec disliiiel maxima attrilmtable to HnO, 
(Hnt));, molecules respectively and his detei minations of the lekitive 
pimporti'ons of the difleient polymers at difleieid tempei.atmes hy a eempariM.m 
of till’ intensities of tin. tliiee eoniponciUs of the hand led to the iiatnial extension 
of the work to heavy watei. Heavy wate. also is foinid to yive rise to a 

broad Raman hand with three distinet maxima at eyjp -iS.Vh i'nd .^>74 cm 

With increasing temperature, as in the case of oidinary water, the hand is 
found to undergo stnieUiral variations iiidieatim- a decrease in the intensity 
of the low freipicney component 230-1 and a eorrespunding increase in intensity 
of the high-freiiuency comi*onent 207^1, the middle eompoiicut 2531 remaining 
more or less unchanged in intensify. The third component 207^ being very 
close to the freqneiKW' of the heavy water vapour line, is naturally attributed 
to single 1)./ ) molecules and the othei two eonipoucnts to iD-iOla aud U)oO);i 
molecules for reasons analogous to those for ordinary water, 'flie decrease 
in the intensity of the low-frequency eonipoiicnt at 2^04 with increa.sing 
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temperature is cxi)liiinL'cl as due to the JcriVLiSL' in the pn)pi)iiiori nf tlie (D^O),! 
molecules and the increase in the intensity of the liielid'i eciueiicy component 
is attributed to the corresponding increase in the proportion of the HoO 
molecules. 

The fatty acids were studied next l)y (lie same melhod, Uie substances 
selected 1 )eing acetic/ funnic and l»enyoic acids The C' () oscillation in these 
coiiipuuruls is found to undereo conspicuous clnnices under ditTci ent t'oiulitions. 
The effect of increased tempciaturc on the tlnec acids studied is to shift tlie 
inaxiTTiuni of the C--( ) fre(juency towards higliLr \'ahies. This result w'hich is 
analogotts to (hat in water and heavy WMtei ise\]>iaiiud as due to the breaking 
up of the associated molecules in tlie fatly acids into simidia ones. Dilution 
in water also produces distinct shiits of the baud tow'ards hiehei fieiiuciu 

cies, an ellect winch is attributed to the brLakiuc, up of the ass^Kaated fatty 
acid nudecules into simpki ones The effect on meilnl alcohol in atiueons 
solutions is dissimilar to that of aeelie acid, tlie I' - ( ) liiu.- of tlu‘ aleoliol shifting 
to sliorter fieiiueucies unlike the k' --•() line o( llu' arid . No dehiiite eonchisions 
can be an ived at in the case of methyl alcohol till a study <jf the OH band of 
the aleohol is made in a miiiibt i <'f associating solveiiD.. 

T) .]ssiu uihm} h(i'i['C(‘ii dissimtlni nu'/tin/c.s 

Tile molecnles of the li(|iiitks des<'nhed ni the pu'vir^ns section are all asso- 
ciated among Ihemsedves and seem to break u]) at higliei temperatures and at 
higher dilutions in p(»lat solvents like* watLi . 'I’liere is another tyi>e ol liijnids 
which are normal h\' themselves, but wdiich have a strong, tendency to associate 
with other suitable molecules. Thus tliei e is tlie possilhhty rif assfieiat ion being 
])rodueed between the solvent and tlie solute. 

d'he effect of a number of solvents on rit'etone ’ w'as studied with a view 
to delect any association lietween acetc-ne molecules and tliose f)f file solvent. 
The line of acetone is the ^mc ohserxed to nneleiLM) eonsi)ien()ns 

changes. In additiem, the C“ C line is also affected. Non-polar solvc'iits 
like I'leiizenc and earhon-letracliloride and polar noinial Sfshents like tdlier 
and cliioia)fr)riii do not ])iodnee any idhai on the acetone lines. Mhiler, 
nietliyi alcohol, phenol aiiel acetic acid produce shifts in tlie C— f) line 
towards smaller freciueiieies and in the C — C line towards larger freciueiicies. 
A ninnbei of deformaliou oscillations are also shifted towards In'gher 
frequencies. Similar resnlls are olitaiiied in the case of melliyhethvl ketone 
ITese results are explained as due to I he tornialion ol ('omidexes lielw'cen 
the ketone and the other c:rjini)onent in the solution studied, vir:., water, 
methyl alcohol, jilienol, and acetic acid. 

The Raman spectra of mixtures of acetic acid and acetone‘s and also of 
acetic acid and inethyl-etliyl ketone’ contain a new line at 17(10, not present 
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cither in the pure ketone or in the pure acid. Moreover, the C""C line of the 
ketone shifts to longer frequencies as in the case of mixtures of the ketone with 
water and phenol while the C~C line of the acid at (So8 doubles up at higher 
dilutions, its low-fiequency component at S72 increasing in intensity with a 
corresponding decrease in tlie intensity of the line SgS. TJiis significant change 
is alsf) observed in solntioiis of acetic acid in etiicr. Hut nitrobenzene does not 
j)roduLe a change in the C C line hut as in the case of solutions of acetic acid in 
acetone, metliyl-cthyl ketone and etliei , sokitifJiis in nitrobenzene reveal the ncv^ 
line at J7()o. Cliloroform does not pioduee any cons])ieuoiis shifts and non-polar 
solvents like l)enzene and eai bon -tetrachloride do not produce any effect c»n the 
acetic acid lines, 'flic changes olisei ved in the Kaniaii frequencies of acetic acid 
in solntif)ns in ketono and iji ether aie explained by the formation of complexes 
of the lyije 


cn.-c<^ 

- C( 


by tile hydrogen Ixnidiiig between tlie () of the ketoni and the H of the t)H m 
llicacul. Tile J70o-line is attributed to the exteinaily unattached O in the 
acid molecule in the complex. The low -fre(juency c oini)onenls of the S93- and 
tlie ():^(^"lines which are feelde in the inne acid aie pointed out as lending additional 
support to the concept of the association betw'cen acetic acid and tlie ketone or 
ethcr- 111 nitrobenzene, the aliscnee of these components and the presence ni 
the J7bo4ine is explained on tlie assumption that the associated molecules in the 
pure acid are merely broken up in solution, unaceompanied by association with 
molecules of nitrolien/ene. 

Acetic acid is thus found exhibiting two diflereiit ])roperties. It does not 
seem to hydrate with \vatei, the elfea seeming to be iiierely lo\vaids a breaking 
up of the higher polymers into lower ones, whereas in acetone, methyl ethyl 
ketone and 111 ether it seems to combine w ith them to Jonn complexes. Reasons 
for supl>osing that it does not hydrate with water aie : the high-fiequeiicy shift 
of the C = () line, the absence of the lyfiudine charactcrishc ()f the complexes 
and the absence of the low-fiequency components of the O20- and the Sg8-lines 
also characteristic of the complexes, in aqueous solutions. 


C 0 N C L TT S T 0 N S 

The foregoing work leads to tlic following geneialisal:ons with legaid to 
molecular association in liquid. 

(1) The mere polar nature of molecule does not give it associating properties, 
chloroform and nitrobenzene. 
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(2) lliL' substance riiiist have both a donor and an areeptor atom for associa- 

In ‘11 in llie pure slate, water and fatty acids. 

(3) Molerules having' only a donor or an aoceptor atom cannot assoeiale 
with those of the same type, c.g,^ acetone. Ikit they can form complexes with 
those having an acceptor or a donor atom, acclone H- water, acetone i i)henol, 
acetone acetic acid, etc. 

(4) Non4)o]ar liquids do not liav^^ any eih-ct on polar hob cuts eithci normal 

or associated , benzene + acetone, benzene^ acutic acid. 

(5) Polar normal li(|nids not haviiiLi a donor or an at'cc[)tor atom do not 
have any cITect on other [)olar liquids whether tliey have a donor or an accctitor, 

chlorcjfonn + acetone, etlier + acetone. 

(6) Normai polar liquids which have a ln\i;h dipole moment seem to split 
up associated liquids without comliinin.u with them toloim comidexes, < .,e-, 
nitrobenzene r acetic acid. 

(y) Two associated liquids seem to have mutual splitting eflecl on each 
either, there bcine, no evidence for cros^s-associatiou. These coiiciiisions eoniinii 
the results from otlier pliysico-cheinicaJ methods. 

'idle aiitlior’s lhanhs are due to Dr. Kainakrislina Ran under whose ynidaiice 
the work was done and to the authorities of the Andliia IJniveisily foi tlie 
facilities given. 


R K r Iv R H N C h S 
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FREQUENCY CHANGES IN THE RAMAN SPECTRUM 
OF SULPHURIC ACID 

By N. RAJESWARA RAO, M.ScA 
Andhra University, Waltair 

{Hi'ccivcd for puhltialiorif July 6, ia/o) 

ABSTRACT. C lirmei ^ in the fieqiieiu'v nf the Raman liiiLs i^f snlplinrii' at ii] uitli djliiti^ai 
aro nieasniuL Ttu low -fmjiR'TK. y hands 41s and arc sliilicd away fmni lhi‘ RavltaY'li lino, 
and the (jLv^int* shills lov\rirds iij w il h increasinj; dilution ddiE lust dec icastss in Raman 
licijiuncv with dilution, and, on rmth(‘r diliiliuii, its ticijiitncy is increased, wliile tlit (1^4 lint' 
leinains iimhaiip,ed In solution of acid sulphate, Hk ^040 and oN.) Iiave les.s Ireajiieiicv 

as compared with equivaknt sedation of sulphuric acid. Rcsidi s, all the lines aie difliisc* 
and hroad in inlerinediate concentrations. 

The ihaiigcs in the low-fretjuency hands are ratlrihuted to the chanj^es in the lalalivc^ 
abundance nf 11 SO ,, ihSO+ and S( radicals in solution with (haiij^e in concentratii^i. 'J'he 
lie.haviour of 013 is attributed to tJie relative ahundame <)! 11 ,vS( ), and IlSO, radicals, cat'll 
of which t ontributes a toiiipniicTit to this fiand. Tlie ^84- and nqodities owe their heliaviour 
to the combined chet'ts t>f (1 ) ions siirnundiin' i at h of vS( or IhSO,, j(»ns and (j) hydiatioii. 
'I’lie lower frcquciuy in the acid sulphate solution as compaied to Hit etiuivali'ut at id solution, 
IS attribuUd to the luedoinineiice ol h\ drat ion over the ellt tt t)l surrtjundinp ions, diU' I0 the 
vSinallei percentage of H ions in the forTiu!r. 


T N T R 0 I) 0 C T 1 0 N 

111 a picvions coiiimunicatiun/ tlic aiillioi ie])nrled iiivcstiRaliuiib uii tlie 
progixSvSivc diSMicialion uf buli.diuiic acid dilntioii, from a study of iJic 

intensity changes in the Eanian lines <;! this sulistaiicc Mitli cljangc jii coiiccntra- 
lioii. iMiually inlcresling arc the changes in llic Raman fic(jucncics of lliis 
substance with dilution- 

A cliaractciistic feature of siilphiiric acid is that all its Raman lines are lu fiad 
and diffuse. This is the reason why the values for tlie lictincncics of the lines 
and their changes on dilution, given by various anlliois (Idler to a laige extent. 
Also, the continuous spectrum wliicli is superposed on tlie Raman lines adds to 
the difficulties in locating the maxima and extents ol the fiaiids. Nisi " reported 
that the Raman lines suffer a general shift towaids liigher frctiuency on dilution 
and explained the result as due to the hydration of the molecules. Speccliia 
observed a similar result. Ramakrishna Rao,^ while agreeing tlial the low- 
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frequency i)aiKl^ with maxima 585-^50 and 543-608 shift away from the Rayleigh 
line Oil dilution, ex])ressed doubt as regards tlie increase in the frequencies of 
the oi 3-800 and 1040-T037 lines since they are of the same order of magnitude as 
the experimental error. Woodwaid and Horner '' stated that all the bands, except 
the 910-860, arc shifted towards higher Raman fiequcncy and their observations 
are in conf<jnnity with those of Bell and Jepi)esen.® On tlie other hand, Bell and 
Frcdi ’cstm,’^ working v\ith a grating, observed no shifts except in the case of 
543-6otS. But, none of the above authors explained these shifts. The present 
work is an attempt in tliis direction. 

EXPERIMENTAL 

To leiuove tlic intense continuous spectrum that is present in the Raman 
specti a of solutions of sulphuric acid, the acid is treated with a few drops of 
pure nitric acid and heated to about eno^'C for about half an hour, following 
the suggestion made l)y Medard.^ With the acid treated like this, clear spectra 
aie obtained. In order to facilitate (dear observation of the shifts, the spectra 
are taken using a Hartman diaplirain. The experimental arrangen ent is the 
same as descrilied in the previous communication.’ vSince the Raman lines are 
1)1 oad and difliise, it is diflicull to locale their maxima by a micrometer. Theiefore, 
inicroi>hotonictrjc curves arc taken for the spectra and the frequencies' of the 
maxima measured by using the Hartman divSpersion formula. The values of 
the frequencies of the Raman lines and their widths at various concentrations 
are given in the following table. 


T A n L E C 1 V J N 'r TI E E R K O U E N C T E S OF T HE RA M A N 
LINlvS IN S 0 L U T 1 O N S (^F SULPHURIC ACID, ACID- 
SULJ’IIATE AND SULPHATE 
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In the above- table, the first colnniii f-ives the eoiu'eiitration in .main, moles 
of the acid in icon c.c. of the solution. Uaeh of the oihei eoUimns, allotted for 
cacli of the linCvS, is siilxli\’iclccl into three, tlie first cliA’ision the extent 

of the band, the second the Raman fteqiioncy of the maxiinnm and the third 
the width of tlie band. 

R K S V L T S AN T) T IT H T R U X Vh A N A T 1 O N 

For the sake of convenience, the Raman lines are lettered from A to IC, 
A and B representing; tlie low-frfaiiieiicy bands 3Hs-.t5o and 343-^108 C, 1) and 
R correspond to gi 3-SP0, q8.|.c)So and iop)-io3g, resiiectively- I'he otlier bands, 
viz., TT71 and 1365, are very dilTnse and feeble and disappear very quickly on 
dilution, and hence no attempt is made to measure their changes in frecjnency 
with dilution. 


q — Raman fuqvcncy 3S5-4S0 

This band is found in the specti^a taken with all the substances containing, 
SO4 radical, and hence is regarded as (diaracUristic^ of it. It has a clear doublet 
structure at the hi.chest concentration with maxima at 385 and 4 10. Bell and 
Jeppesen,® w*ho have worked with too% acid report tliat this structure is very 
prominent with the ynirest acid- In the spectra taken wdtli dilute solutions of 
sulphuric acid and of acid sul])hates there is only one diffuse band with its 
maximum at 4 15, and in sulphate solutions at 450. Therefore, it is concluded 
by Rainakrishna Rao ^ and Woodward and Ilornei that 385-410, 415 and 450 
are respectively characteristic of II2SO4. and vS( >4 radical, respectively. 

With iiici'easing dilution the l)and is observed to be shiflin.e away fioni the 
Rayleigh line and it is explained by Rainakrishna Rao ^ and Woodward and 
Horner as due to the fact that with decreasing concentration, the IT^SO^ 
molecules dissociate to IbSO^' and hR ions w'hich brings about a diminution of 
intensity of the doublet on which is sui»crposed the higher-frequency band excited 
by HSC)^ ions. 


B : — Raman frequency 

Like A, this band is also taken as characteristic of SO4 radical for the san e 
reason. In the pure acid, it Iras a single maximum at 543. With dilution, it 
behaves in a similar manner and just for the same reasons as in the case of A. 

Bell and Jeppesei/' objected to the above explanations Working with a 
large number of concentrations of the acid at intervals of 5%, they failed to 
observe at any concentration, a sejraiation, of the two components due to HSO4 
and H2SO4 radicals. But, in view of the width and the closeness of the bands, 
no such separation can be expected. There can be only a shift in the resultant, 
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inaxiiiiuiii yiid an iiicrL-asc in tlic width of tlic band as a result of the super- 
position of tile components due to IL>SO I and HSn^. 'I'his is what is actually 
observed. 

C:—UamaH lic^jiienry ()i^-S(w 

'riiis band is found to be very intense in the siaectrn taken with very 
coiKxnliated soiulions of the acid and aS the concentration of the acid is 
diminished, its intensity diniinislies more than in proportion to dilution. Hence 
it is at tiibiited to the undissociated molecules. 

Thil, in the spectra laKeii by the autlior, this band persists, though with imicn 
less intensity, even in dilute stilutions and also in solutions of Rllv^(),i but with 
a slii^ht decrease in Raman frequency, a fact wdiich has not been oliserved b> 
any of tlie previous aiUluirs. 

The Inind exhiliits consiiicuoiis changes in the freciuelicy. Its width is 
5J wave imndiers in llie hi.chest concentration, and its maximum is at 013 But, 
as the dilution is increased, the maximum shifts tow^ards lower-frequency and 
the hiidicr-freijLiency portion of llie liaiid .nets feeliler^ With increasing dilution, 
it becomes narrow with a wddth of cm. which is the same as in I\IlvS( ); solution. 

h'he behaviour of this band can be easily undeislood, if it is taken as 
comp^>-^<-''-^ two conqionents, a strong one wdtb higliei-trecjuency ('untril)Uted liy 
tile ).i molecules and feelde one contributed by HvS( ion. As the concentra- 

tion of Ibe acul decreases, tbe high-frequency component decreases in intensity, 
Imt, since the IRvSUa comi^oiicnt is very strong conqiared to the llSOj component, 
tlie intensity of the band as a w liole becomes feeble and gives the impression 
that tlie hand is excited entirely by the H.vSC)^ molecules. In the intermediate 
dilutions, w here Iioth types of molecules are prcvSeiit, the band is naturally very 
1)103(1 and in tlie very low concentrations where the ll2St)j component is absent, 
the band is narrow and is shifted towards lower frequency. 

/); — Raman jieqncncy 1040 

This liand is taken to be characteristic of HSO4 ion. It is very broad in 
solutions of moderate eonceiitration of the acid, wdiile in very concentrated 
sohitimi it is less w idu and in dilute solutions it is fairly sharp. Also, the 
maximimiof the band shift;? slightly but definitely towards lower frequency 
from higli eoiieentrations to moderate ccnicentrations and shifts again from 
moderate coneeiitration to dilute solutions. And in solution of acid sulphate it 
is of slightly lower frecineiicy than in sulphuric acid of the same molecular 
concentration- 

' T1k‘ larger dilfnseness of this line in intennediate conceulrations of the acid 
is in coufonniLy with similar behaviour revealed in the course of investigations 
in this laboratory in general, by Raman frequencies of electrolytes, in the 
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intermediate concentrations, at which the hand i.s usually most dilTusc, and this 
is apparently due to the lar^c ionic concentiation of oi)i)ositcly charged ions in the 
neighbourhood of each ion i’ivirig lise to the Raman fieiiuency undei considera- 
tion. In cryvStals, the line is the shatpCvSt and of the hii>hest frequency, when theie 
is no water of hydration. In crystals, the disposition of the cation w ith respect 
to the axis of symmetry of the anion is the same for all the anions So, from 
solution to crystal there is only an increase in frecpiency w itliout increase in 
diffuseuess- Hut in intermediate concentrations of the acid solutions, wliere the 
number of cations surrounding each anion is the greatest, the relative disposition 
of the ionic field and the axis of symmetry of the anion is probably different for 
diflerent ions, and hence, the Raman frequency may change slightly from ion 
to ion and this probably is the cavise for diffuseuess of the line in the inlerniediate 
concentrations. 

As regards the change of Raman freiiiicncy, there aie in general two causes 
giving rise to it (i) the surrounding ions and (2) w'alei of hydiation. 'J'he former 
have a teiideiicy to increase the Raman fre(iuency, while the latter diniinislies it. 
In solutions of suljdiuric acid, bolh these factors ijiiluence the Raman ficciucncy, 
and the actual frequeiic}^ at any concentration is due to the 1 esultani of these 
tw^o effects. It is difliciill, however, to determine 111 the case of the changes 
exhibited by HSt ions w’bat part of tbc cliange is due to ionic influence and 
W’hal part due to hydration, on account of tbc com])licalioiis arising out of the 
superposition of the two effects. 

The lower frequency of the band in acid-sulpbatc solutions, as compared 
with that of the acid of tlie same molecular concentration, seems to l)e due to tlie 
fact that there are less number of 11 ‘ ions in the forjiicr. The hydrogen ions, in 
virtue of their liglitncss and smallness in si/e, can ai)i)i oach tlic negative ions 
much closer and hcncc can exert more influence tlian the heavy f)otassinm ion 
can. Hence, in solutions of acid-suli)halcs, the elTect of hydration is more 
predominent which, thercfoic, brings about a shift in tlic line tow^ards lower 
frequency. 

R: — Rani an frequency 

This line which is charactciislic of SO/' ion, is veiy strong in solutions of 
sulphates and in dilute solutions of bisLil])liates. In solutions of sulijhuric arid, 
it ay)pcais very feeble even in very dilute solutions. In liiglj toncentralions, 
the line appears very feeble and on it is superposed a part of the TO/jo-band. vSo, 
it is very difficult, cither to locate the maximum in a inicroijliotometric record 
or observe it by a micrometer. Therefore, nothing can be said regarding its 
changes in -the frequency 01] diluting the acid. On comparing the line in the 
acid and acid-sulphate of the same molecular ])roportion, it is found that it is of 
slightly less frequency in acid-sulphates. 
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Iti solutions of the add, probably the effect of ionic influence is just 
neutralised by that of hydration, so that there is no change in the frequency of 
this line. The lower frequency in solutions of acid-sulphates when compared 
with that of the acid is similar to that suffered by the HSO4 ion probably due to 
the same reasons. 

It is generally contended that the greater is the chance for hydration of 
an ion in solution, (1) the larger the ionic charge, (2) the smaller the size in the 
case of cations (3) the larger the size in the case of anions^ Also, oxygen 
is a better donor of electrons than hydrogen is an acceptor. Therefore, tlie anions 
in general are less hydrated than the cations. 

Bui, in the jjieseiit case, the IISO4' ion is suflicienty large and contains 
many donor oxygens and hence is capable of being hydrated. The SO4 ion 
contains 4 donor oxygens and doubly charged and hence is more easily hydiated 
than the HSOj^ ion. This is probably the reason why the shift of the K line 
from the acid to acid-suli)hale is huger than the shift of the D line. I'he above 
view is siipi)orted by the fact that the crystals of sulphates are invaiiabiy hydrated 
v^ ilh an odd number of molecules, TivSOa, Na^SOd, 7 Hm( ), CUSO4, 

5ll2(), etc., shows that to the SCb ion is attached one molecule of water and it is 
supi)oscd '■* to form a stable hexagonal ring of the constitution given below 
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EFFECT OF TEMPERATURE ON THE RAMAN SPECTRUM 

OF GLYCERINE * 

By a. L. SUNDARA RAO. M.Sc. 

Andhra University. Waltair 

for publication, July 6, ig^o) 

ABSTRACT The RAinan speclrnm of (ilyc erine was photographed and it revealed i6 
Raman lines. The frequencies of the lines are 41Q, 479, 549, 674, 820, 850, 919, 977, 1054, 1112, 
1247, ^300, J370- 140S, (?), 14^)3,2889,2049. A neial ossipntnent of frecineiicies us due to the 
C-C, C-O, C-H and 5(C-li) oscillations has Inen made. 1 ‘he effect of temperature on tlie 
Raman .spectrum of ( jlyccrine has been investigated, ^i'he line 674 becomes more diffuse at 
liigbei tcniperatuJ es and increast s in frequency by 20 cm ' at if-o”C. 1 he 820 component 
accoinpativing the 830 line disapi.>ears at the higher teini)tTature. '1 hese changes which are 
.similar totho.se with solution in water are explained as due to depoly merisation of (Tlycorine 
coinplexc.s. 

Ill the course of a general investigation of the Raman spectra of polybasic 
alcohols, glycerine was taken for examination. Among the various workers who 
have studied the Raman spectrum of this substance, mention must be made of 
Bar ^ and more recently Saxena*. The latter has studied the effect of dilution 
with water at two different concentrations and has observed that the 674 cm line 
becomes more diffuse at higher dilutions and the intensity maximum is shifted 
by 15 curb 

EXPKRIMENTAI^ 

In the present investigation the author has repeated the work of Saxena 
(/or. cif.) at the dilutions of 75% and 25% and verified his conclusions- It \^as 
thought desirable to see the effect of temperature on the Raman specti um of 
glycerine with a view to understanding the cause of the changes with dilution and 
so the present work was undertaken. 

The Wood’s tube containing glycerine was placed inside a cylindrical 
electrical heater 5cm in diameter and aScin long, open at either end. Ihc heater 

was provided with a wuudow 2 x i4Cin long for allowing the incident radiation. 
The light from a mercury arc w^as focussed by a 9" glass condenser on to the 
tube containing glycerine. A solution of sodium nitrite was placed between the 
condenser and the scattering medium. This served to eliminate the 4046 line of 
the mercury arc and to reduce to a marked extent the continuum lying between 
4358 and 4916. 

A two prism spectrograph of high light gathering power was used and an 
exposme of 10 hours was found sufficient to photograph, the entire Raman 

• Comninnicated by the Ttidien Physical Society, 
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>sf>ertnini. A comparison spectrum of copi>cr was given on the same x>late using 
a Hartman's diaphram and the wavelengths delcrniined by measuring on a Hilger 
compaialor. 

R R S U h T S 

The results of the investigation arc given in Tabic I, along with the frequen- 
cies reported ])y bar and Saxena for ]mr]joses of comparison The assignment 
of frequencies to the res])Lctive valence bonils are given in Column IV of the Table. 

Many of the new fietpiencieb reported ])y Saxena could not be confirmed by 
the author, inspile of the clear sjiedra that were ()l)lained. It is surprising that 
no trace of the Oil band eoultl be toiiiid liy the author in the ('ase of glycerine 
even after prolonged exi»osLire for .so lu^urs. 

hfferi of IJiltifion ami I'empeiaturc 

The effect of hydrogen bond fuiination is to create i)olyincrs in a liquid and 
the greater the number of hydiuxvl eroujiS ]>n’Sent in a moieenle the larger is the 
size of the ]')olymer foinied and the gieater the degree of association 

( )n dilution, tile avSsoeiation lireaks down and as a result some Ireijneneies 
miglit lie exjiccted to get weakened nr niodiiied. In acetic acid, Teilniaiiii and 

Ukholin and Kolcsu arain'^ have observed that the C^ao line diminishes in 

# 

intensity vvitli dilution and Koteswarani further leports lliat llie 872 line also 
disa[)peais at liiglier leni])eralni\'S. 

Ill glycerine the lines 60,1, and the Sjn component accompanying llic 850 line 
show a similar Ix'liavionr. The 674 line gets weaker and diffuse on dilution and 
the frequency increases by jo cm“b The increase of lempeiMline from 30° to 
lOo^'C has a similar effect. 'Hie feeble line of Raman frerpieiicy Sjoeitlier 
disai)])ears or becomes too feel )le to be jiciccptible in the speeti am of glyeerine 
taken at iuo®C. 

Koteswarani (/or. r//.) in his work wdth acetic acid pointed out that the 
Raman line at 1700 corresponding to the C = t) oscillation increases in frequency 
with dilution and with increased teinperalnre. He explained this as due to the 
depolyinensalion of the acid When one inoleeule is associated^ with another, 
the valency bond between atoms in au}'^ group w ithin the molecule or that 
between two groups in the molecule are likely to be weakened. Thus the 
Raman frequency corres] umding to any oscillation in an associated molecule, 
particularly the oscillaticjji of ih bond nearest to the associated molecule or 
molecules, should Ijc smaller in the associated slate than in the dcpolymerised 
one. The 674 line in glyeeiiiiL- must he due to an external oscillation in its 
molecule. In the xmre state and at lower tcnqjeratures, there is xjossibly associa- 
tion. In solutions in water and at higher tcmpeiaturcs, there is depolymerisation, 
on account of wdiich this external bond betw een Iw o groups (it is difficult to 
deliintcly assert to which pair of groups this OvScillation corresponds) is 
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slrengllieiicd with a consfijiicnt iiicrcai'C in lljc i'oriL"^Iinii(lin>.; Rainan frequency. 
The increased diffuseness of this line with dilution or willi increase of leiiiperaUire 
indicalCvS that there may he superposition of two lines — one conesiunidinn to the 
associated molecules in the jmre liquid at the low ei tern] leratuie and the other 
due to the depoi} mcrised molecules in solution or at hieJiei tempeiatures. 

'I'hc feeble 820 line may be due tt) the C-C •vseillatiuns of the associated 
molecules anti therefore natuially disaiqjcars at hiidita iLinpeiatiires or in solutions 
as these molecules giving rise to this line aie depolynierised. 
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THE MOTION OF GASES IN THE SUN'S ATMOSPHERE 

PART I. ON THE MECHANISM OF FORMATION OF SOLAR 
DARK MARKINGS 

Bv A. K. DAS 

(Received foi /yiibUcaiiun, June 20, ig'/n) 

ABSTRACT. In this paj)t?r ihv dyiinniu's of a mas of f^as cjcrtrii from the body of tlic sun 
has hccii stTidied ami the cfiuations of motion of a matorial partirlL’ in a systom of rotntinjf 
coordinak'S with orij^in on the smfarc- of flic snn havt hetn drrived for two cases (ii uhen ttie 
particle fs ejected from the- photosphcric or an} i ther level w'here the aiiKulnr velocity of 
rotation is the same ns that ohserved on the sun’s tjurface and U) when the particle is I'jected 
from a level where the angular velucitv is higlier than Hie angular velocity at the surfact'. 
The set of equations for case tiiMiave been shown to he ap]jlicable to a mass (;f gas ejected 
from the interior of the sun, that is from levels below the photospheie. Since jirominences 
are formed, according to the growling view held at present by inaiiy solai physicists, by the 
gases ejected from the sulephotospheric levels, thesi* ecjnations should ex]jluin at least tin? 
broad features of promiiiemes and dark markings. It has been shown in this paper that many 
of the hitherto ill-explained 01 un-explained features of dark markings, in particular, (‘an be 
quantitatively explained oil th(‘ basis of the above ecjiiations. Indicatiijus have alstj been given 
how these equations should be ecjually useful in the understanding of several otlu'r solar 
phenomena not dealt with in this paper. 

The phenomena revealed by spectroheliograiiis and photolieliogiaiiis are 
so varied that up till now it has not been possible to construct a unified theory 
which can account perfectly satisfactorily for all the pcctiliai ilics oliservcd on 
the solar disc. Kven the most striking feature of the iii(an;clii(jmatic disc 
photographs, namely, the granulations dues not seem to l)e llioionghly under- 
stood, although it is evident from the works of Deslandres, I ijisoJd and otliers 
that these granulations which give rise to the photosidicric network ” must be 
the result of convection. In the present stale of our knowledge the only way 
to progress appears therefore to be to restrict one’s attention to some of the 

most salient features and to try to evolve a simple hypothesis which can yield 
these observed properties throngh stiaighlforward deduction. In this paper 
attention is confined to some features of the Ha dark markings and a mechanism 
is put forward to explain these hitherto ill-cxplained, and in some cases unex- 
plained, features. The proposed mechanism appears to be quite general and 
helps the understanding of certain other solar phenomena’^ which are not very 


* These will be considered in the later papers of thin series. 
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easily understandable on the basis of existing solar theories. The following 
featuies of the dark markings are considered iii the present paj^er : 

(aj the ijredoniiiiaiitly linear appearance of the dark markings, which led 
Oeslandres to call them filainents ” ; 

(b) the tendency of the direction of the dark markings to change from a 
direction along a meridian in etpialoiial regions by steadily inclining more and 
more towards the east uiilil in latitudes higher than about 35° the inai kings 
lie nearly along a parallel of latitude ; 

(c) the tendency of high latitude dark markings to have their directions^ 
nearly parallel to the i)arallels of latitude even at their first appearance ; 

(d) the predominantly westward tilt of the tops of dark markings of the low 
and middle latitudes, the average inclination of a dark maiking to the vertical 
being of the f)rder of 10° ; 

(e) the tendency of dark markings to be short in length in the equatorial 
regions. 

It is well CvStablished that daik markings are caused by the absorption 
of photospheiic light by the masses of gas which exist avS prominences o\ er 
the solar disc, d'he appearance of any dark maiking is therefore detci mined 
by the way in which the absorbing gas is distributed in the prominence con- 
cerned and conseguently in order to understand the features of the dark markings 
enumerated in the foregoing paragraph we must form a correct picture of the 
mode of foiniation of a prominence, h'or this purjiose an examination of disc 
photographs is not veiy helpful although in some cases the dark markings, 
particularly those of very high latitudes, indicate how the gases responsible for 
the absorptitm of photospheiic light have emerged from the photosphere. But 
even a casual examination of limb photograplis cannot fail to show that the 
mass of gas forming a in'omiiience has been ejected from a limited area of the 
divSe. It is therefore natural to assume that a stable ])roiiiinence is usually 
formed by a jet of gas issuing from a very small disturbed area of the photo- 
sphere or even from below the photosphere. Jf this hypothesis regarding the 
mode of formation of a prominence be true, w e should be able to understand a 
good deal of the peculiarities of prominences and consequently of dark markings 
by considering the dyuaniicj of a jet of gas ejected from the body of the sun. 
A complete solution of this dynamical problem is highly complicated, but for- 
tunately vve can draw several useful conclusions from quite elementary considera- 
tions. The problem is strictly one of hydrodynamics, but simple considerations 
of particle dynamics appear to be sufficient for the purposes of preliminary 
investigation. 

Our problem in its simplified form is the consideration of the motion of a 
particle ejected fiom the body of the sun which vve regard as a rigid sphere 
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rotating about its polar axis. The equations of motion of a material particle of 



mass in in a system of stationary, reclaii.^iilar coordinates r, 3^, are 



(iu 

j\\- 

X — lu 


~ m . - 


‘dl 

dt^ 

Y-m 

dv 

d^y 

^ di 



u'liere X, Y, Z, are comi)oncnts of the force caiisiii.i; the motion of the i)nrticle 
and u, T, are the coiiii)oiieiits of the velocity in tlie directions v, y, r, res- 
j^ectively. Rnt the .eases on tlie sun move with respect to a rotating system of 
coordinates, and therefore in order to apjn'oximate to solar conditions we have 
to consider the motion of our particle in a coordinate system a\ z'/ rotathm 
with a coUvStant angular velocity o) eciiial to the angular velocity of the sun as 
observed on its surface. Ret the origin of our rotating system coincide with 
that of the stationary system of coordinates and let the axis of rotation n' coin- 
cide with the :::-axis of the stationary system. We note that the rotation of the 
sun is counlerclockwdse if we look towards the equator from the north ])olc of 
tlic sun ; is therefore positive. 

Now if 0 is the angle between the a-axis and the a'-axis then we have 
(see Fig . t) 

(1^= cos Pi — siliO, yj=o 

aa= - sin 0 ^ f 3 ^ = co^^ 0 , Va — o 

o, Ai = o, 73 = 1 

where / 3 |, 71, /R, aa, 73 are the direction-cosines of the three rotat- 

ing axes wdth respect to the stationary axes. We know that according to the 
general rules of transfoimation from a stationary system of coordinates a, y, z 
to a system of coordinates in relative motion a', y', 1:/, the following relations 
must hold ; 

A’^ = ri j (x - A'o) + “ I'o) + 7l(2 “ 

y'=a^(x-Aa) t f^a(y-yii) t ya(z-Zo) 

— ag(x — Xo) ftsiy - yo) + 7 s(s-“ 2 o) 



} 

1 
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and X' = a, X + /3 iY + 7.Z 

Y' = a, X + /3, Y + 7>Z ••• (4) 

Z' = a. X + ^,Y + v,Z 

where .Tu, J'o. "0 Jne the coordiuates of the origin of the primed system and X, Y, 
Z 'Uid X' Y' Z' are Ihc components of the force in the two systems respectively. 
In' the else under consideration .v.- o, 3'o = o. ^0 = 0 ; therefore we have from (2) 
and {3) 


x' = .r cos ^ + y sin 0 
- T sin ft ~ cos 0 


(5) 


Pulling ()-«A and dilTerentiating with respect to I we have from (5) 


m'= u cos 0 - X sin a n sin f) + U cos 


u cos 0 + v sin 0 \ (1/ cos 0 - J' sin 0) 


dO 

\u 


1 '' — -- ii sin cos + '*■ cos d y sin 


= - 1( sin 0 + V cos - ( V cos 0 + _v sin 0). 


df) 

dl 


71?'= Ti;, 


whence by using (5) 


= u cos ^ V sin 0 wy^ 
v' - —u sin ^ + V cos ^ - t^-v' 


' 6 ) 


(7) 


Differentiating (7) with respect to / we have 

'dl dl 


. cos 0 - u sin 0 sin d t n cos 0 -t ^v> 

di dl ''' ““ 


_ (iv dc ^ i-ujDi' — n sin + v cos 0) 

dl d/ 

dr' _.dM ..ij, cos 0 . f + "Ij-cos 0-v sin 0 
dl dl" d/ dl 


du fi + dv ^ + „ cos ^ + T sin W) 

dl ' dl 


dw' dw 

~dt dl 
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whence using (7) we have 


dll n , dv . ^ , , n , 

. cos 6^ + - - .sin 
dl di 


dv' du ■ n . dv , , , 

di dt dt ^ 


div' dw 

dt di 


Multiplying equations (8) liy jji vve obtain by viituc of the relations (4) 
and by ignoring the primes since only primed quantities occur 


and (i) 


fn = X + H- inodx 
dt" 


d^y .. 2 

in \ " \ — 2nKi»n + nuo ^ 

c//* 


These are the e(iualions of motion of a material i)article in a rotating sVvStcm 
of coordinates, but v\e notice that the rqualions (g) refer to the motion of a 
jiarticle on a rotating sphere the centre of whicli coincides with tlie origin of the 
system of coordinates. In order to make the etiuations coni] >arablc wn'th oliser- 
vatioii we have to transform them to a rotating syvStem of coordinates whose 
origin is at some point on the surface of the rotating sphere. 



Figure 2 

I^et o' be a point on the surface of the sphere v\hich we choose as the origin 
of our system of rotating co-ordinates. For simplicity let o' be on the a — 2 plane 
which is the plane of Fig. 2, and let the r'-axis point radially outwards, the y'- 
axis parallel to the y-axis, i.c., towards the back of the paper, so that the x'-axis 
lies in the plane of the paper. Now, since the 5:-axis coincides with the axis of 
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rotation, the x-axis represents the equator. Then in the co-ordinate system 
witli oii^in at o' tin; positive :;'-axis points vertically up\\arc]s, the i)osilivc y'-axis 
is towards the west and the positive a '- axis ])oints to\\ards the south. Also the 
an^de between the equator and the radius oo' represents the heliographic 
latitude, positive for tlie noi thern and negative fur the southern hemisphere of 
the sun. The coordinates of o' in the previous syvSteni are 


:v 0 = R cos 0 , 3- 0 = o, ro ^ R sin 0 , 


^vllere R is the radius of tlie rotating sjjliere (sunj. Also the direction cosines 
of the primed axes (i-c., of tlie system with origin at o') with respect to the un- 
primed axes (i.r., of the vSystem witli origin at o) are 


- - sin 0, 

(Xjj^COS 0, 


/’l =t', 

71 = 

— cos 0 


72 = 

0, 


73^ 

sin 0. 


Now, since the new^ system is rigidly fixed to the former system of co-ordinates, 
br., .Aoi 3 ' 0 > ^'(j and, tlie nine direction cosines are independent of the time /, the 
following relation must hold 


dll' 

dl 


dn 

di 


» Ih 


dv 

di 


+ 71 


dw 
di ' 


Therefore we have 


did 

dl 


du 

di 


sin 0“ 


dw 

dt 


cos 0, 


dl’' _ til' 

di dt 


dTc' 

di 


(hi 

di 


cos 0 + 


dw 

dt 


sin 0 


Multiplying these ectuations by ju and using the values of ~ 

from the eqnations( g) and by expressing all unprimed (juantitics in terms of the 
primed (juantitics with the help of the general relations 

a a 0*^ cx j a ' + o( 23'' ^ ^ n 

y^yu-P]-y' P^2y' 

^«)=^yia' + >-23’' + ynz' 


* Onr coordinate vsvsteiii is i iglit-ljaiided and when we say east or weijt wc always refer to 
j^eograpliical east and west. Put when wc say ‘ souUnvarc,! ' we refer to the south pole of the 
Sim, that is to say, in northern heinisphere ‘ southward ' means a direction along a inerid^n 
from the north pole to the ecjuator of the sun. 
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-}■ CXo'Li' 1-1X37^'^ 

X = (X^X' H ^ (X3Z' 

/ = yiA'^ 7-V' 1 y:,/J 

which must hold between the two systems of coordinates we have 


A — R cos 0 + a:' sin ^ -r cos </> 

3- 3/ 

ti~ sill 'll/ cos 0 

X ” X' sill 0 h Z' cos 0 

V= Y' 

Z -- cos 04 * yj sin 0 . 

Now since only primed quantities occur in the eciiiations, we can drop the primes 
altogether and write m the following most general form the equations o[ motion 
of a material particle moving with respect to a system of ccjordinates with origin 
on the surface of the sun and rotating with the sun : 


Kquatorwaids 


m =X-l :2njtu7' sin 0 + 7;/to“sin 0(R cos 0*H a sin 0 4-:r cos 0) 


Westwards 


?n- “ Y-“2n7ti*(u sin 0 I- re cos 0) + 

dl" 


Upwards 


m + 'zmoiv cos 04-mo>‘^cos 0(R cos 0 1 x sin 0 1” cos 0 ). 


( 10 ) 


If we restrict ourselves to small regions of the sun ’s surface as v\e sliall when 
considering dark markings and prominences, the terms eontaining a , y and ? can 
be neglected in comparison with those conlaiiiiiig R and the eCjuations (jo) can 
be simplified as follows : 

Kquatorwards 

_Y = X -fa/afn’ sin 0 -r sin 0 cos 0 

dt’^ 

Westwards 

^ =Y — 'jjnojiu sin 01- cos 0 ) 
di^ 

X'pwards 

2ni(ov cos 0 + 7n<*>‘^R cos‘0 
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These equations show that in addition to the forces X, Y, and Z which arc 
responsililu for the initial motion of the particle there appear other forces which 
modify tlu* motion. These additional forces arc clearly apparent or subjective 
forces, for they become zero if the jiarticle is at rest or if the angular velocity of 
the sun's rotation l)ecomcs nil. The first of the equations (ii) shows that the 
particle lias a south\\ard acceleration 2tov siiKp proportional to its westward 
comi>onenl of velocity and to the angular velocity of rotation of the sun. This 
means that if the partic'le tries to move from east to west it is affected by an 
ai)i)ruent forc'c which deflects its path towards some point south of west. The 
soulhwaid acceleiation also contains a term sin </> cos ^ wdiich foi a given 

latitude depends only on tlie angular velocity of rotation of the sun and therefore 
acts upon the particle even when it is not impelled to move by the force X. 'fhis 
teiin is clearly the equatorw'ard component of the centrifugal force due to the 
sun's rotation and it must exist so long as we can regard the sun as a sphere 
without any flattening at the poles like the earth. It may be noted that all 
mcasuiements of the solar disc have failed to reveal any de])artuie from the per- 
fectly eiii'ular shape- We shall not coiisidcM* tlie possible reasons for this perfect 
symmetry of the suifs shape, Imt ac'cept it as an observed fact. An uncompensat- 
ed ecpiatorward force sin ^ cos (j* must lliereforc act on a t)aiticle on the sun. 
If the particle is eriil)edded in the dense layers of the sun's atmosphere the efifect 
of this force may be observable only as a very slow' equatorward drift of the 
particle. 'I'he slow equatorward movcnieiit of sunspots and of the pruniineiiccs 
ol the sunspot bell may l)e due to the effect of lliis force. If tlie particle hapjiens 
to be in the thinner regions of llie solar almospheie, for example in the coronal 
atmosphere, this force may l)e expected to produce a considerable equatorward 
velocity of the particle. 


The second of equations (ii) shows that the weslw^ard acceleration 



contains two terms vSin </> and - cos The first term means that the 

[)ai tide has an eastward acceleration due to a deflective force proportional to the 
aiigr.lar velocity of the sun s rotation and to the southward comiionent of its 
Velocity. lienee if the particle tries to move along a iiieridiaii from higher to 
lower latitudes, its ])atli is deflected loivaids I he cast and therefore makes an angle 
with the meridian. The second kTin indicates that the particle is acted upon by 
a deflective foicc proi)ortional to the vertical component of its velocity and to the 
angular velocity of the sun's rotation or, in other words, if the particle tries to 
move vertically upwards its path is deflected ioivaids the east and therefore makes 
an angle with the vertical. From the third of equations (ii) we see that the 
particle is acted upon by a deflective force cos (p which deflects its horizontal 
easi-west trajectory upwards or away from the surface of the sun. The vertical 
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acTcicration also coiilaiius a term cos^0, which is clearly tlie vertical 

component of the centrifugal force due to the sun’s rotation. This terni must he 
respoiivsiblc for causing a variation in tlic actual gravity on the sun from the 
equator to the poles. But tliis term will play nt) part in the cojisiderations set 
forth in this paper, since we shall assume according to the usual practice that 
in prominences giavity is compensated by radiation pressure under normal 
conditions. ^I'he above ciiuation of motion also shows that a particle moving from 
west to east is forced downwards by an ai)parent denective foice cos </' 

and convei’vsely an east-to-west trajectory is deflected upwards by an appaieiit 
force cos 0. This may be resi^onsi1)le tor the curving back of the tops of 
vsome prominejices to the suiface of the sun and for the occurrence of spiral 
motion observed in some cases. The force cos ^ clearly sets a limit to the 
length of a marking. We can now examine the effect of the eejuations of 
motion (ii) on a mass ol gas ejected from some layer of the solai enveIo])e or 
from the photosphere, 'riie ] process resi)onsibie foi the ejection of the gas does 
not matter for the purposes of the present paper, but we may i)eihaps regaid it 
as a sudden and temi'erary inciease of radiation in a limited region of the layer 
concerned. vSince under normal circumstances the effect of gravity is comjieiisated 
by radiation pressure this sudden increase in radiation will lead to the ejection 
of a mass of gas in the form of a jet. 1'he veloc'ity with which the jet will travel 
outwards will obviously depend upon the actual increase in radiation and upon 
the friction between the rising mass of gas and the surrounding atmospheie. It 
seems reasonable to expect that this increase of ladiatioii has an average value 
and therefore the rising mass of gas will emerge into the c oronal atmosphei e with 
a sort of normal velocity determined by the viscosity of the solai mateiial which 
it has traversed during the travel. Now, experimental measureinents of the 
angular velocity of the sun's rotation at the photcjsphere and in different levels 
of envelope have sho\Mi very little variation of angular velocity with elevation, 
so that we may take <•) to have a practically eouslaiit value over the uhole region 
from the photosphere to the corona. Therefore a mass of gas emerging from 
any part of tliis region will have the same initial angular velocity as the sun's 
surface and therefore its motion will be determined by the ecjuations (ii). 
Accordingly it will he deflected from llic vertical tov\'ards the east and its 
equatorward motion under the action of the propelling force sin ^.cos 0 will 

follow a trajectory inclined to the meridian towards the east. This conclusion is, 
however, directly opposed to observational [data according to which the lop of 
a dark marking is inclined towards the west with respect to the vertical and 
also the inclination of a dark marking to the meridians is such that its 
equatorial end lies to the west of the polar end. Now, l^ercpelkin^ has 
concluded that tlie quiescent prominences form in tlie low layers of the sun. 
It seems to us very likely that the eruption which supplies the material for the 
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foriiKitioii of a prominence has its seal in the interior of the snn below the 
pliotosr)here. We therefore assume that the mass of gas wliich gives rise to an 
ordinary dark marking originates in the interior of the sun where the angular 
velocity is very high and that on i caching the coronal region it still lias an angular 
velocity w' much higher than the angular velocity <i) of the sun's surface. 
Wlieii a mass of gas emerges from tlie interior with the angular velocity w' it 
will have, relatively to the sun’s surface, an angular velocity (d' — w in the same 
direction in which the sun’s surface, is observed 1o lotate. The dynamical 
situation will therefore lie eriuivaleiit to the motion of a particle with respect 
to a system of coordinates rotating with an angular velocity The 

aiipropriate dynamical equations are obtained directly from (jj) by making the 
necessary substitution and we have 
liquator wards 

-- X — 2/n(ii)' sill «/>+ id) sin </>■ cos 0, (a) 


Westwards 

m =YH-2m (W — u)) {u sin fp + w cos(p), 
dL" 

Upwards 

— 2m. ((o' — co) V COS</>+m. (ci/ — cu) R cos”0. 




(J2) 


From these equations it is evident that the dellcction of the uprising jet of gas 
from the vertical and from the meridians is in agreement with observational data 
SO far as the direction of inclination is concerned. We now proceed to examine 
how far the inclination derived from equations (12) agree quantitatively with 
observed values. 

Tlie jet of gas may be expected to travel through the coronal atmosphere 
with a steady velocity horizontally and pcrhaiis also in the upw^ard direction ; 
in fact, if the jet is to make a definite angle with the vertical and with the 
incndiaiis, it must move ivith a steady velocity. We note that_the constancy of 
speed implies that all the forces acting on the moving mass of gas mutually 



Figure 3 


balance each other. Let O be the force (per unit mass) w hich is responsible for 
the equatorward motion of the gas acting in the direction OG (see Fig. 3) and 

let OP represent the direction in which the jet actually travels so that GOP is 
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the angle we want to determine. We assume that the curvature of the trajectory 
is negligible, that is, the jet moves practically in a straight line. Now the 
deflective force — t')).u sin <?, u being the equatorward velocity, must 
act at right angles to the direction OP, that is, in the direction OI). We resolve 
the forced into two components in the directions OP and ( )P. Then in tlie 
steady state the component along OB must be balanced by the delleclive force 
along Ol) and the component along Oi^ must be balanced by the force of frictional 
resistance which, as usual, is given by P“/.<, where c is the velocity of the 
moving body and f is the coefficient of friction. Accordingly w^e liave the 
following relation on putting c = u 

O. sin n sin </> [ride eqn. (12) U)).\ 

G. cos = 

W'hcnce w’e obtain 

. i. 2(cV — w) sin 0 , . 

tan \ ... (13) 

In order to evaluate S numerically from (13) we must know the numerical value 
of the frictional constant We can estimate the magnitude of the frictional 
constant in the following way. We assume the moving mass of gas to be a 
sphere of radius r and its velocity u. Then, according to the w^ell-known law of 
Stokes the gas sphere will experience a total resistance P = b;o/^rw., wdiere »/r is the 
coefficient of viscosity of coronal matter, while moving through the coronal 
atmosphere . Therefore 


f = 6 nT]krltnr^fjp= ... (14) 

2r-pp 

Now can be estimated with the liclp of Jeans's theory,’^ according to which tlie 
viscosity of stellar matter is given by 7 ]=^ , where k- i ) as 

15 /iT'^'^y Kl / 

given by Kramers’s theory of electron capture. I'he temperature of coronal 
matter (in the region where prominences appear) may be taken to be about 10"“^ 
times the central temperature of the sun. The density of coronal matter 
may be taken as about times the density of promuience matter pp. Now a 

prominence, wffiich is composed almost entirely of atomic hydiogen with a very 
slight admixture of metals and rare gases, contains about 10^ ’ atoms of hydiogen 
per cubic centimetre ; therefore, p;,= i‘7 x gm./crrj.‘\ taking the mass of a 

hydrogen atom to be 1*7x10“^^ gin. Hence \vc have pjt — J‘y x 10 gm./cni. * 
which is about 3 x times the central density of the sun. Using these values 

of tempeiature and density in Jeans's formula w'e obtain fj^ = io times the visco- 
sity at the centre of the sun- The same formula gives »^=i2'2 at the centre of 
the sun. Therefore, »/*==i22. Substituting this value of in (14) we have 
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putliiift ^=10^ cin. The reysoii for putting 7 = 10*' cm. is that the radius of the 
mass of gas ejected sljonkl l)e a])proxiinalely the same as that of an average area 
of tlie sun s surlace aflectcd by an eruption and lljat the latter quantity appears to 
l)e of the order of 10 ' cm. In order to evaluate 0 numerically we must know the 
numerical value of «•'' which is the only unknown left in equation (13), w being 
known from observaticjn. In a well-kmjwn i)ai)er Jeans'^ has shown that the flow 
of radiation outwards from the interior of a star behaves like a convection cun cut 
of matter and in fact the viscosity arising from the flow of radiation is more 
imj)ortant than material viscosity. It therefore follows that there must be 
a steady decrease in the angular velocity of rolalion fiom the centre of a stai 
to its surface, but there will be a tendency for the interior of the star to attain 
a uniform angular velocity of rotation «•>* which nnivSt satisfy the relation 1 
— const. As most of the mass of a star is contained in a sphere of radius 
harely the radius of the star the average velocity of rotation should l)e about 
10 times the vc‘locit> (jf rotation c»lcservud on the surface. In the case of the sun' 
the average period of rotation should therefore be from :: to 3 days. It is 
to be noted howxwer that the relation = const, requires that should 

increase from the equator to the poles wliich is contrary to what is observed on 
tlie surface of the sun. Neverllieless this contradiction between theory and 
observation dees not mean that the interior of the sun does not rotate in the 
way required by theory. The decrease of angular velocity from the equator 
to the poles, the vso-cal led polar retardation, observed on the sniface of the sun 
may be due to the superposition of a subsidiary mechanism . In fact snch a 
mechanism has been indicated by Kddington.*^ According to Eddington the sun 
docs not satisfy v. Zeipel’s theorem. A departure from r;. Zeipcl's theorem 
causes the temperature to rise at the equator and fall at the pole or conversely, 
so that a pressure gradient is established along the meridians and eircniatory 
currents are initiated in the meridian planes. These primaiy meridional currents 
must, however, be deflected to the cast or west and tend to become parallel to the 
[iarallejs of latitude with increasing latitude. These circulatory currents are, 
according to liddington, rcs])onsiblc for the polar retaidatioii of rotational velocity 
as observed on the surface of the sun. It seems likely tliat these currents would 
he confined to the upix*r levels and w ould not extend much below the photosphere. 
The iiitcriui of the sun will rotate accoiding to the law = const. We assume 
that the gas, which ultimately- forms into prominences and dark markings, 
originates in some level below the level of the eircniatory currents. At this level 
we shall have 


or, 


OK ^ 

lu u) = ti)(^ ' 


t « is the distance from the axis of rotation. 



or, 
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sec^ (p 

where w* is the angular velocity at Uititude </>, is the an^^ular velocity at the 
equator and R* is the radius of the sun at the level concerned. Now, o)' is sure 


to be smaller Ilian Let us put cu'- ^ .oj*, where ?/ is a number greater than i. 

77 

Then, using this relation and substilutiug (i6) in equation (13), we have 


tan fS — 




toQ* sec^0 - u) sill 0 


or 


tan “ ^0^ 

7 \ n 


(17) 


Since the average angular velocity of the interior of the sun is about 10 times 
the angular velocity of rotation observed on the surface of the sun wc may 


pul on the average — oj(,*=iu Then using tlie value of / from (15) and the 
n 

values of at different latitudes from d’ Azambuja's empirical formula we can 
evaluate for dilTercnt latitudes from equation (17). The results of these compu- 
lalioiis are set forth in column 4 of the following table. 


Table 


Latitude ' 

w X 106 

5 


(0' 

si (let i*al 

(observed) 

(tbeurcliral) 

1 

0 

u 

n . 2[)2 


0“ 

5“ 

0,291 

4 

11* 

8" 

JO* 

o.2gi 

17“ 

i6.-3 

■ 5 ’ 

U.290 

28* 

24 ’ 7 

20'’ 

0.2SS 

44 ’ 

32’'7 

25 * 

0.2H6 


40’ -7 

3 <=’" 

0.283 

45’ 

uS" 
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For comparison with observation the values of 8 derived by Royds and 
vSalarnddin ® from the measurement of daik markings as recorded in the Meudon 
charts for a coni])lete ii-year cycle from 1923 to 1933 are given in column 3. 
Column 2 of the table gives the values of x to'' for different latitudes as 
computed from d'Azambuja’s formula. It is clear from the table that the 
theorcticaliy calculated \alues of the inclination of daik markings to the 
meridians agree exceedingly well with those derived from observation. This 
close agreement between theory and observation shows up very strikingly in 
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Figure 4 

Fik- 4 - It is evident therefore that the mechanism considered in this paper is 
perfectly capable of explainiiijL! qualitatively as ncll as cjuantitalively the westvvaid 
luclmation of dark markings to the meridians and its variation with latitude, 
which are two of the most striking features of dark markings and which have 
so far received no satisfactory explanation. Another puzzling feature, namely 
that a suddenly appearing dark marking has, almost at its first appearance, its 
direction inclined to the meridian at an angle appropriate to the latitude of its 
occurrence, is an obvious consequence of the present theory. 

We have already seen that, according to the mechanism here considered, the 
height of a prominence or dark marking should be inclined to the west of the 
vertical which is in qualitative agreement with the observation of Mile Roumens^ 
of the Meudon observatory. Mile Roumens obtained an average tilt of io®W 
which is the average value derived from measurements of 171 dark markings in 
low and middle latitudes. Apparently she finds various inclinations, but she 
mentions that the inclinations show a peak at 7° and another more pronounced 
one at 22*, that is to say, the value of the inclination to the vertical is more 
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often 22° than 7°. For comparison with these observations ne can calculate 
the angle S which the height of a dark niaikiiig should make with the vertical 
in the same way as for the luciidioiial inclination, will again be gi\en by the 
formula (13) in which sin ^ has now to be replaced b}" cos '/» Ividc cq, (i:^) id)]. 
The value of ^ thus calculated comes out to be ol the older of 50" to 60'' which 
is much larger than the observed value. The reason for this discrepancy is 
probably that the assumption of steady motion winch lies at tlie basis of the 
theoretical derivation is not justified in the case of the uiiwaid motion. I'his 
is perhaps also what is to be expected. I'he frequent occuneiiee ol streamers in 
prominences is probably to be ]o(»ked upon as a result of the nnsteadiiiCvSS of tlie 
upw^ard motion. Arguments, both theoretical and experiinenta], in favour of 
this conclusion have been given by H. Zaustia in a very recent paper. If the 
oulv\ard radial niotioii is unstable, there can be no steady inclination betw’eeii the 
height of a daik marking and the vertical ; but there wdll still lie a rough average 
inclination for a given time during which the upw aid motion has existed. Let 
a jet of gas emerge out of tlie chromosiihere at the equator with a velocity 2V 
and rise to the height of a typical prominence, namely about 50000 km. At 
that height its iqiward velocity is nil, so that the average ui)w\ard velocity of the 
jet during the ascent is V. Then from the second of the equation (12) W'c have 

^ =2(t^>o'*“Wo).V=l8 tOoV. 

di'^ 

Integrating this equation we get 

y = giOoVi^. ... (18) 

Now, according to Pettit the most frequent radial velocities ineasmcd in 
quiescent prominences range from 5 km. /sec. to 10 km. /sec. and velocities higher 
than 15 km. /sec. are infiequcnt. We may therefore take 5 km. /sec. to be the 
average valocity vN’ith which the jet of gas responsible for the formation of a daik 
marking travels through tlie coronal atmosphere. Then i = soooc)i 5 secs, =^10" ^ccs. 
Using these values of V and f and the value of Wo from the Udile above we get 
from^(i8) the westward diisplacement of the top of an average dark maiking : 

y = i3i5o km. 

Then the inclination to the vertical is given by 

Ian 8= = o’ 263 

50000 

or 8 = i4°'75- 

This rough estimate of the average inclination of a dark marking or prominence 
is in quite satisfactory agreement with the value derived by Mile Roumens from 

observation. 
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It may be noted in this connection that the mechanism here considered also 
gives an indication of the maftiiitude of the breadth of a dark marking. If iLe 
whole of the jet above the chromosphere is effective in absorbing photosphcric 
radiation then obviously the breadth of the dark marking should roughly be the 
westward displacement of the top from the vertical plus the diametei of the jet. 
At the equator the westward displacement for a typical prominence is of the 
order of 13000 km., so that the breadth of the corresponding dark marking 
should be of the order of 33000 km. taking the radius of the jet to be about 
10® cm. or 10000 km. The ratio of height to breadth at the equator will therefore 
be approximately 15:1. But this ratio cannot be the same at all latitudes, since 
the westward inclination to the vertical increases from the equator towards the 
higher latitudes. In fact, the westward displacement at any latitude ^ is given by 

(o)o' sec 0-c)D cos (p) Vf*. 

Consequently the breadth of a dark marking should increase as we proceed from the 
equator towards the liiglicr latitudes so that the ratio of the height to breadth would 
decrease with increasing latitude. But beyond a certain latitude where the length 
of a dark, marking is practically parallel to the parallels of latitude the breadth will 
be about the same as the diameter of the jet, since tlic westward tilt of the dark 
marking and the lengtli of the dark marking will practically lie in a vertical 
piaiic normal to the meridians. At high latitudes therefore, the breadth of a 
typical dark marking would be of the order of lioooo km., which is in fair agree- 
ment with observation, and the ratio of the height to breadth would be of the 
order of 2'5 : i- Now the cquatorvvard force (o/~-to)^ R sin (fi cos ^ is zero at the 
equator and increases with the iatitiide; consequently the length (by which we 
mean the extension across the parallels of ialitiidcj of the marking will be equal 
to the diameler of the jet or about :;qooo km., so that its breadth (by which we 
mean its extension across the meridians) will be greater than its length. This 
means that at the equator the marking will appear to he parallel to the equator, 
and slightly above the equator the marking will tend to be as long as it is broad. 
From a con.sideiation of the variation of the force 2(0/ — oj]'zjtos ^ [lude eq.(i2) 
(e)] along with the variation of the force R sin ^cos 0, it follows also that 

the length of a dark marking should increase as we proceed from the equator low'aids 
higher latitudes. In general, at least at the middle and high latitudes, the length 
of a dark marking can be expected to be much greater than its breadth, thus 
accounting for the predominantly linear appearance of dark markings. It is diflS- 
cult to estimate the order of magnitude to be expected for the ratio of the length 
to breadth of a dark marking formed by a single jet, but it seems likely that even 
at high latitudes it will not exceed 5:1 or 6:1. The extraordinarily long 
markings of high latitudes appear however to be produced by a numbar of jets ar- 
ranged along a parallel of latitude ; in such cases the ratio of the length to breadth 
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would be several times more. It is a curious fact that the several jets should 
arrange themselves along a parallel of latitude at high latitudes the reason for 
which is not clear; but it seems possible that jets have a tendency to form along 
the paths of the internal circulating currents which of com se must be parallel 
to the parallels of latitude at high latitudes and become more and more parallel 
to the meridians as we approach the equator i)racti('aliy in the same vv^iy as the 
directions of dark markings do. This may be the reason why several jets form 
along the length of a long dark marking ; if that be so, the occasional formation 
of extraordinarily long markings becomes understandable. 

In conclusion, I wish to ciiiphasise that the object of tlie present investigation 
has been rather to evolve a self-consistent hypothesis capable of acccmntiiig for 
some of the major peculiarities of solar dark mai kings than to develop a complete 
theory. My thanks arc due to Dr. C. W. B Nonnand, C.I.Iv., Director-General 
of Observatories in India, a discussion with whom about the peculiarities of dark 
markings led me to undertake this investigation. 

ADDEND V M 

This paper was written in June, 1939 ; but its publication has so far been 
postponed as certain points arising out of the niechanisiii suggested herein 
needed consideration. In the meantime Mr. P. R. Chidanibara Iyer of this 
observatory has rightly pointed out to me in a discussion in a difTcrent connection 
that he has held for a loiiir time that a dark marking having an inclination to 
the meridians attains its miiiiiimm area only when its direction is radial to the 
disc and not when it is at the central meridian. This certainly throws doubt on 
the validity of Mile Rouinens’ conclusion that prominences have a predominantly 
westw’ard tilt to the vertical. This doubt has been clearly raised by Waldmeier 
in a very recent paper (/l.vDo. Zurich, 1939) wdiich has just come 

to my notice. According to Waldmeier the fact that a dark marking has a 
minimum area at an eastern longitude and not at the central meridian is a 
necessary consequence of the inclination of the dark marking to the meridians. 
Against this one may point out that Mr. M. Salaruddiu lias found (/v. 0. Ik, 
Vol. IV, No. 96, p. 297) that dark markings without any inclination to the 
meridians show a preponderance of western areas over eastern areas. Ibis 
dissymmetry points to the existence of a west lilt. It seems probable that the 
observed dissymmetry in the case of the markings inclined to the meridians is 
due jointly to the causes envisaged by Rouinens and by W'aldmeier. Ihis point 
is under examination , Should the existence of the west lilt be definitely 
established, it would find a plausible theoretical cause in the mechanism proposed 
in the present paper. 


S01.AR Physics Observatory, 
Kodaikanal. 
December, 19 ^ 9 . 
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During recent years there have been a number of lihysieal and astropliysical 
applications of quantum statistics. In the present note we shall coiusider the 
properties of the Fermi-Dirac and Bose-Juiistein distribution laws which corres- 
pond to the Wien’s displacement iaw in the case of black-body radiation. It is 
useful sometimes to know' the value of the energy corresponding to the maximum 
in the energy-distribution curve of the particles in the assembly or the value of the 
de Broglie wavelength corresponding to the maximum in the distribution with 
respect to the wavelength associated with the particles. These arc given in the 
present paper for the various cases of degeneracy and non-degeneracy. 

The number of photons of black-body radiation lying within the energy 
range e to e-hde at temperature T is given by Planck's law 


n{e)dp 


1 


dv 




€2 


-- de, 


so that 


li'-, 


where Efelds is the energy i)Cr unit volume of the photons lying in the energy 
range e to e-l- de. 

E{e) is maximum for e = w'here is given by 


dE^fi) 

de 


= 0 , 


which gives 


emfc/T ( e„ 

ly 3^'T 


• Communicated by the Indian Physical Society. 
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or 


=2-822. 

kT 


If \\c rousickr the pliolon (listribiition from the standpoint of -uavelength 
instead of energy, we lla^'e for the energy of pliotons in the wavelength' interval 
A to A-i JA 


SttcJi 




i) 

and r)(A) is maximum for A = A„„ where Xm is given by 

dKfA) _ 
d\ 


which give>s 


" rh/^yJzT _ 1 eji 


or 


A,n//r 

ch 


I 

4'9^^5 


Wc shall now discuss the case of Kermi-Dirac statistics. The energy- 


distribution Ipw in the completely non-relativistic case 

V 


me*' 

Vr 


»i is* 


h I 

A 


where is the energy per unit volume of the particles lying in the energy 

range cloeH-Jf-;. 

Differentiating the above with respect to e and equating to zero we gel for 
the value of e corresponding to the inaxiinum of the distribution curve, 


JkT I a 

\3 /^T 


or 


2 a' 


-iHA 


-I -A 


where • 


(i) 


However, if we consider the energy distribution in terms of wavelength, we have 

27Tg]l^ I 

E(A)dA= ” fi'iJsuikTX^ 

A 


Putting 


dEW 

d\ 



(2) 


we obtain 
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where 


^hnkT 

h‘^ 


The Fermi-Dirac distribution law for the relativistic case 



is 




T 

A 


-IkT 


-fi 


(h 


and this will have a niaxiiiiuni at ^ where is giv^eii by 



( 3 ) 


jt being equal to t„J A:T. 

As before, if we consider il from the wavelength standpoint, we gel 


K(A)c//V- 


^TT^Iu 

1 

A 


1 


Jic I XkT 


dX 


which will have a maxinniin at A = A„, where A,„ is given by 


d\ 


1 



where , \ 


The equations (i), (2), (3) and (4) have been solved giaj-hically and positions 
of the maxima due to the variation in A are shown in figures i and 2. 

In ftiiinc (i) are shov\n curves for the non-degenerate case (o<A<i) and the 
details arc as follows — 


curve ill) shows y ^ against A for non-Tclativistic case, 

curve (6) shows 2= against A for relativistic case, 

he 

curve (c) shows a --m/t'l' against A for non-relativistic case, 
curve (it) shows A — against A for relativistic case 

fn fisuts (2) are shown curves for the degenerate case fi<A<«-) 
curve (a) shows y against A for the non-relativistic case. 

8 
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Figure i 

The uppermost scale x refers to curves 
c and d. 

The middle scale 3' refers to curve a. 
The lowermost scale r refers to curve b. 



Figure 2 

The upper scale for 3/, r refers to curves 
a and b. 

The lower scale for :v refers to curves 
c and cf. 


A fcT 

curve (b) shows -- against A for the relativistic case, 

he 

curve (c) shows x — e,nlkT against A for the non-relativistic case, 
curve (d) shows — against A for the relativistic case. 

The ordinate in figure 1 represents A and that in figure (2) log A. The 
abscissa represents .v, y or ,2 as the case may be. 

Table i shows the limits of the values of .v, y and as A varies from o to i in 
tlie non-degenerate case and from i to in the degenerate case. 


Table I 


Non-relativist ic case 



»i 


« 


Degenerate case', 

A varies from 1 to oc 

Noii-degeiUTUte case, 

A varies from o to i 

. 


Range of f„dt:T 

1756 Ijo oc 
1-5 to 1756 


Range of 


^ h 


0*5652 to o 
0-5774 to 0-5652 
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IvLlativislic case 


c 


k-r 


Range of e,„//:T 


Ran^^c- of A,„/, T//tr 


Degenerate case, 

A varies fn)Ui i to oc <30 0-10^4 to o 

Non-clegenerate laise , 

A varies from o to 1 3-0 to 3*13 o-- to 0-1004 


Thanks arc due to Dr. D. S. Kolliari for his interest in the work. 
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A PRECISION DIRECT-READING SPECTROPHOTOMETER* 

By Dr. A. L. NARAYAN 

AND 

C. K. ANANT'HASUBRAHMANYAM 

IRcccivcd Un I'l'hUralioii, jidy 

Plate XIII 

ABSTRACT. Tlip exprriiiu.nlnl (Tiors inluniMil iu pliolo.umplnc pliDtotnctn :ire disrnssed 
and H diict’t readin;^ sprcIroplioltaniTt r f(»i Hu v i.siMp i'spci’ially adapted to llu* study of 
line* rontnur and alisorption and Ihiorescenee spectra is dcsci il)L il Hci'ansc of the lii^dier 
resolution of which it is capahle the met hod peniiils a min e prec ist' and I'oinjdcti' analysis of 
ahsoTptioii and nuorcscence s[)ecira hv revealing the line sfiuctnrc too small to he dciccti d hy 
tlie usual methods, A te.st of the instrument v as earned out hv detei ininini; tlie intensities of 
the lines /I071S and -40*17 from are and the ener^S distrihiilioii in the H /3 ot Hie solar speetnnn. 
'I'lie system is distinguished lyv higli sensitivity and easy adjustment and it dispenses with the 
labuur involved in photograpliie photometry. 

Nearly all attempts to measure inteirsities of spectral lines depend first on 
obtaining a photograph of the spectrnni and then interpreting the vaiying densities 
in the plate in terms of intensities. The method involves very careful calibration 
of the pliotographie plates. Photograjdiy as an intei mediate step introduces 
several uudersirable complications and intricacies. The o.\]ierin)ental error .s in- 
herent in the photographic method are rather difficult to c.stiniatc and are at best 
oiuy approximate. It is diffienll in a given case lu say just u hat part of the 
error can be attributed to the difl'ercul souiees of error and what part to the 
[larticular method in question. Further it would be diflicull to apply this method 
in some cases where the intensity range is large. 

Within the last few years much attention is given to the problem of measuring 
intensity distribution in spectral lines directly and attempts have been made 
by several investigators in this direction. The advantages of this method are 
obvious because many troublesouie problems wliose solutions lead always to 
sensible errors are eliminated. If we are to gain an accurate knowledge of the 
physical conditions governing the process of absorption and emission, tlie 
necessity for such measures is clear. In collaboration with H. Grcnat, d’ 
Azambuja' at Meudon and Dunham" at the Mt. Wilson Observatory have under- 
taken research as early as 1934 for the purpose of directly measuring intensity 

• Abstract of this paper was read before tbe Physjc.s .section of the Indian Science 
Congress at Madras in Jainiflr>\, 194^-^* 
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dislribulion in spectral lines arul flcteimiiiiii.u the absorption line profiles in 
tlie solar spectruui. Dr. Dnuhaiii who was recently working on tlie same problem 
at tlje University Observatory, ( )xfortl, is reported to have succeeded in measuring 
the ]>ruClcs of II u and I) lines in the solar spectrum using a null photoelectric 
iiiotliod. Dr. Biiick^ working at the vSolai Physics Observatory, Cambridge, 
develoj^ed a recording phf)toelectnc inicro]>hcitometcr operating directly in the 
solar st>ectruni. All tlicse obseivers ha\'e used the same general method namely 
the i)hotoinetric measurement of Ingh dispersion solai spectrograms by the use 
of a photoelectric cell and a thermionic amplifier, s])ecially designed valves being 
employed for the pnri)ose. I'he very feeble current generated as a result of Ihel 
light falling upon the photocell is amplified about a million times- ' 

With most standard vacmim tubes the emissitm of the oxide coated cathode 
is unstable and the grids are not sufficiently insulated. Fmthei, fluctuations in 
the plate current i)reveiit us from reaching the higliest sensitivity. Tubes have 
been designed in recunt yeais Die grid filaiiieut resistance of which is very high, 
'riieyregni] e an anode voltage of only S to lo volts. 'I'he mounting of the 
electrodes also is sm'h as lo ensure low surface leakage, 'i'he low filinent and 
low anode voltage for whicli the valves are de.signed, have a distinct piiictical 
advantage, it being a simple matter to maintain steady filaiiieiil and anode cur- 
I’ciils. 'Pile outstanding examples of Die.se tnlies aie C, . !{. Pliotroii P P j.] deve- 
lojied by Meti alfe and 'riionisoiP and Die electrometer Triode*' manufactured by 
the ( Jw C. J/mdoii. All Diese tubes have aniplificBtion factors less than one 
and dejieiid for their usefulness on the very high input resistance. The use of 
one of these low grid current vacuum tubes is undoubtedly an excellent method 
for measuring light iiiteiisilies directly. 

Ill attciiiiiting to develop a method for the purpose of recording profiles of 
Fraunhofer lines witlionl recourse to photography, on account of the excessive 
cost of and Die difliciilty of getting in war time the sjiccially designed valves, it 
seemed to us particulaily important. Die i)ossibility of using an oidinary valve 
ill the amplification ciicuit to obtain the desned sensitivity. It has been noted by 
various authors^’ that the input resistance of an ordinary valve can be greatly 
increased by a special use of its grids together with grcatlyleduced voltages. 
Further, for good insulation the lead from the control grid must emerge through 
the top of the tube rather than througli the base. 

During the past 15 monUis we have carried out an extensive study of the 
amplification of photoelectric currents and their application to spectrophotometry. 
After a complete study of these problems, attention was directed to the design 
and construction of a precision pliotoeleciric spectrophotometer suitable for the 
measurement of intensities of spectral lines directly. Attempts m this direction 
have been so successful that it seemed worth while to publish a description of the 
aiTangement. 
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Since there is considerable variation in the cliaractcristics of individual vacu- 
um tubes, several standard tubes were tested to determine their behaviour umlcr 
the operating conditions and i A 6 was finally selected as it was found most satis- 
factory. For the amplifier circuit while any of the coiu'entional circuits could 
be employed, the Dubndge^ circuit seemed most suitable Iij’ \'irtue of its simplicity 
of construction and operation. The diagram of the circuit is shown in fig. i. 
1 A 6 is a multiclecirode valve having five giids in addition to plate and filament. 
The twai grids Nos. 3 and 5 are connected together and used as a idate while 
Nos. I and ^ are used as space charge grid and control griil respeciivcly. (Irid 
No. 2 and the plate are supeifluous and are directly connected together to the 
earthed end of the battery. As a result of the high insulation resistance and the 
reduced voltages used, the input resistance rose to aliout 10' ' ohms. 


^ Vac . chamber 



It has been shown by I,. R. Hafstad" that improved stability can be obtained 
by mounting the photocell and the amplifier in an evacuated container. 'I'his 
precaution practically eliminates the surface leakage' from the amplifier tube and 
the photocell as well as the tendency of the leads to pick up stray ions. 'I'he 
tube, grid leaks and the photccell are therefore enclosed in a heavy cast irem 
cylinder* which is evacuated and kept dry by a drying agent in a bottle in the 
pumping lead. It served as an electro-magnetic shield and permitted the jihoto- 
cell and the selective slit to be placed at any point in the spectrum. The vacuum 
cylinder is 6 " in diameter and 10" in height and is closed by two end T’lates. 
All the parts are mounted on an ebonite base attached to the plate which clo.ses the 
lower end and the w'ires nece.ssary for the oi)eralion of the amplifier arc brought 
out through sealed insulating bushings and connected by a shielded flexil.)le cable 
to the contTol panel. In this way not only the highest insulation is maintained 
about the most essential points but also the grid leak resistance remains constant. 


* This cylinder was kindly made for the authors by the Andhra Scientific Instrument Co. 
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/\ photograph of the actual set up attached to Hie ::o foot I^ittrow spectro- 
graiih au<l a sclicinatic drawing «)f the instrmiieiil are given in figs, j and 3, 
The cylinder is provided on one side with a window' fitted to a short iirojectiiig 
tul)e. ( )ver this is fitted the lnl)e T with a slit vS w’hich admits the radiation 
from the selected line to the photocell, 'fhe tube carrying tlie slit has a 1 ack 
and [linion inclion enabling it to be jilaced in the focal plane of the s])echograph. 
It is found ciifficult to seal vacuum tight with sealing wax or to have rubber 
gaskets as they would i^erish with time. Instead the cylinder is ground well wdth 
the iivo end jilates and vacuum grease is applied to the rims. When the pump 
begins to work the grease spreads itself and is found that the vacuum keeps over- 
night with very little leakage. 

The inosi im])urtant part of the photometer is the arrangement by which 
the vacuum chamber with the attached vSlit is moved along the spectrum in a 
direction parallel to the dispersion. The cylinder is mounted on a heavy steel 
carriage to the underside of wdiich are fixed hardenetl steel plates with 'A* faces 
resting on hard steel balls carried by sleeves fixed to an iron base. The base 
is fitted with levelling screws so that the centre of the j)hotometer slit can be 
brought on to the middle of the spectrum. The carriage is fitted with a inicro- 
nielcr screw' which gives a direct traverse of 5 cm. The screw is of pilch i nun 
and is provided with a divided head. The whole arrangement is placed on a 
heavy iron bracket fixed to one side of the stone pillar at the camera end of the 
spectrograph. 

The resistance leaks employed in these measurements consisted of Xylol- 
alcohol mixtures* contained in soft glass lubes and Indiandiik lines diaw n on 
strips of good drawing paper and enclosed in glass lubes. To avoid external 
leakages the outer surface is coated w illi ceresin w'ax and the resistances supported 

** These were kinclly tiiade for the authors hy Dr. S. TvaiiiachnTiflra Kao of the Aniianialai 
Pniver.sitv to whotn their grateful tlianks are due. 
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on connecting wires. When an attempt was made to increase the sensitivity of 
the instrument by placing high grid leak resistances of the order of ohms 
great difficulty was experienced. If rapid measurement are required the resistance 
cannot be increased above ohms. 

Before making the observations it is necessary to adjust the photometer slit 
to exact parallelism with the spectral lines. This parallel alignment is checked 
as follows. In front of the window through which the light passes just before 
reaching the photocell, a small right-angle prism and a viewing lens may be 
inserted and tlie necessary adjustment is made by wn‘duning the photometer slit 
and turning it through the required angle. After the slit is thus adjusted, the 
prism and viewing lens are removed and the light path is cleared- The outline 
of the profile can now be easily obtained by shifting the selective slit in front 
of the spectrum by means of the micrometer screw. 

The accuracy of the results obtained depends on how strictly the propor- 
tionality holds between the photoelectric current and the intensit}^ of the light 
incident on the photocell. Before undertaking any intensity measurements it 
was necessary to investigate the extent to which this relation is satisfied. This 
was done in tlie following manner. Neutral perforated screens were used to 
diminish the intensity of light admitted into the spcctrogra])h by known amounts. 
These screens each contained synmietrically placed holes of diameters 3*1, 2-5, i-cj, 
1*5, I '3, and 0-6 cm. These were in turn calibrated with a vacuum thermopile 
and galvanometer as this combination responds linearly to light of different 
intensities. The proportionality w-as fuithier assured l.iy using light of low mien- 
sily and by causing the amplification system to operate upon ihe straight portion 
of the grid bias plate current curve. 11 has been found that v\ itii thcvSc incrau- 
tions, there exists a strictly linear lelalioii between the incident light and the 
galvanometer deflection. 

In order to test the peiforniance of the instrument, some preliminary measure- 
ments were carried out with a home-made Hg arc. The observations were made 
with the horizontal Tittrow prism siJCCtrograi)h of 21 ft. focal length with optical 
parts of glass. Since stray radiation due to reflection and scattering by optical 
parts is a troublesome source of error in this type of work, special precautions 
were taken to reduce it to a minimum. All the inner parts of the spectrograph 
were painted dull black and several diaphragms were mounted inside so that 
there is almost no chance for any radiation to be reflected into the spectrum 
from the inner walls of the spectrograph. A double monochromator which 
allows only a small region of wavelengths to enter into the spectrograph and 
removes all unwanted light, was used to improve the purity of the sijectrum. 
In a single monochromator the stray light caused by reflection and scattering in 
the various parts of the instrument is inevitable, Light from the Hg arc was 
sharply focussed on the slit of the monochromator and a series of readings were 
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taken for various widths of the slit for different voltages. The results obtained are 
given in Table I. 


Table I 


Volntage applied 


6s 


75 


Slit width 


u*o8 mrn. 
o’i6 

o-o8 

o*i6 


Galvauumeter deflection 


A. 4077-8 

A 4046 

19 

21 

32 

40 

20 

23 

35 

43 


95 


0’08 

o-i6 


23 

38 


24 

44 


We have recently used the instrument for measuring the energy distribution 
in the H/? of the solar spectrum. By means of the micrometer screw the selective 
slit was placed in succession at different points on the line and the galvanometer 
deflection observed in each case. The results are given in Table II. When the 
line is thus scanned and allowance is made for the systematic and accidental errors, 
by jdotting deflections against distances the observed profile was obtained. 
The cquivalcnl width found by measuring the area of the profile is 2 'j ^ and the 
central intensity j 8 per cent, which compares very well with Unsold's'* values. 

T/vble II 
H/S^line A 48 bi -34 


Distance from 


center in mnj. 

4*5 

3 '5 

3-0 

2 '5 

2-0 


I-O 

0 

0 

c.n 

1*0 1-3 2*0 

2-5 

Deflection 

35 

34 

33 

32 

30 

28 

23*5 

7 T2 

20 25 28 

31 


Distance from 


center in inm. 

30 

3-5 

40 

Deflection 

34 

34 

36 ‘ 


It must be understood that these observations are of a preliminary nature 
and were made solely as a test of the method. The test while not suflSciently 
rigorous showed that the circuit functions satisfactorily when the grid leak used 
in below ohms. As compared with the method of photographic spectrophoto- 
metry the enormous gain in time obtained with the present instrument is obvious. 
It possesses apart from high speed, great sensitivity and easy adjustment. And 
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the device is rapidly adaptable for photographic recording. These as well as 
other minor advantages should make the device a valuable aid in direct iiicasure- 
nient of light intensities. In the case of i A 6 it is not practicable to use 
higher than ohms as the resistance of the input circuit apj^roaciies the 
unshunted resistance of the tube. TTirther work is in progress. A number of 
improvements which became evident in the course of the rnesent study are being 
introduced and i A 6 is being reidaced by an electronieler type valve which is 
just received, so as to increase the over-all sensitivity of the instrument. The 
method will be subjected to a severe te.st and the relative merits of the null and 
deflection iiicthoels together with the observatjons of line jiroliles will be discussed 
in a later paper. 

We have great pleasure in expressing onr thanks to Mr, J. M. Sil, B.vSe (Ibig.) 
of the Indian jVleteorologieal Dcpaitmeiit for Icelmieal advice and assistance in 
making tlie meclianical parts and to Mr. N. S. Subba Rao, M.A.,of the Annaitialai 
University for much valuable advice in building the amplifier circuit. 

Soi,\K Physics Obsi-k \'atoky, 

Kodaikanal. 
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EVAPORATION FROM EARTHEN JUGS 

By HAZARl LAL GUPTA, ABiNASH CHANDRA JAIN 

AND 

NARENDRA NATH kHANNA* 

University of Delhi 


(A’ (■( ('! till I'libhcalion, July .’i, iqjol 

ABSTRACT. The tlic-rmodyii.iinic:i1 (licoi v ol tin wel-bulli tlieniionicter is extended to 
evaporation from earthen jiiys, and sotiie ot (he theoietie.'d dednetions an veiified hr experi 
ment It is found that the time during which a piven (|naiiti1y of aii tjceoniea saturated at 
the temperature of the jug hy coming in contact with it is independent of the temperature of 
the jug. 


When water is kept in an earthen i>ot, due to the cooling produced by 
evaporation and the poor thermal conductivity of the clay, its teni]ieralure reaches 
to within half a degree of the temperature of the uet-lnilh thermometer. The 
wet-bulb temperature represents the lowest attainable by cooling due to free 
evaporation in the atmosphere. 

The cooling of water in an earthen jug is very similar to the cooling of the 
wet-bulb thermometer and in fact the thermodynamical theory ' of the latter 
can be applied to the former. This is done in the present paper and the experi- 
mental results are found to be in accord with the theory. 

Let us consider water contained in a ])orous pot or earthen jug, heated 
electrically by passing a current I in a coil of resistance R and let T denote the 
temperature (in degree Kelvin) that is attained in the steady state. T' and T" 
denote the absolute temperature of the dry- and wet-bulb thermometers respective- 
ly, and x', x", and a: the humidity mixing ratios for the normal air, the air 
saturated at the wet-bulb temperature T" and the air saturated at the temperature 
T of the pot respectively. The normal air contains x' grams of water vapour per 
gram of dry air, and suppose it takes time seconds for (i -fa:') grams of normal 
air to come in contact with the jug and become saturated at its temperature, 
t.e., the amount of water vapour associated per gram of dry air increases from 


* Communicated by the Indian Physical Society. 
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x' to X. The amount of heat given out in the process by fi -r x') grains of air is 
x^c'p) (T'-T), where Cp is the specific lieat at constant pressure for air and 
r',., for water vapour, and the heat produced in the coil is If L 

denote the latent heat of evai)oration, the heat required for the evaporation of 
(x — x'} grams of water is L (x- x'}, and we liave 

e(.T-A-o-Uy. + A-v,;) ('r-Tj+ ... (i) 

/1-2 

As Cpj'c' p is abom 2 and v' rarely exceeds o‘025, xU'p may be neglected 
compared to Cp in the first factor on the right hand side of eq, (j). Again as |a 
fairly good approximation we may substitute 


c 

fi— c' 


P 


(2A) 


where c' is the vapour pressure of iioimal air, c the saturated vapour ])ressurG 
for temperature T, p the total pressure and e, the ratio of the densities of water 
vapour and dry air at tlie same temperature and preSvSure. We thus obtain 


or 


(f-fO - f„(T'-T) 

P 4-2 


(r+ I r'le ^ l^ .RI=ro 

\ P-CrJ (P-C/' J 4-2'^/. 

I Ti.. P. + 1- 

( 'ly I ( eT J tLX 4-2 


Substituting 


^p. i\ 


= 0-501, we finally have 


(0-501 T + r) “ (0-501 T' + cO = 

t'L X 4-2 


(3)^ 


The time tq that (i + :v 0 grains of normal air takes to be saturated by coming 
in contact with the jug will depend on the sizx- of the pores and the surface area 
exposed for the evaporation of water. The surface exposed for evaporation (as 
explained below) remains constant during the experiment and it is then found 


that the relation between 


T ? + c 


and is a linear one. This provides 


* In the calculations p is taken to be 730 mm. 


#=•62 

I/"=54o calories. 
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us with a verification of the theory of evaporation, aiicl also shows the constancy 
of tq for a constant surface exposed for evaporation* 

The experimental airangeiiient is illustrated in figure i. /o is a porous pot 
(of the type used for lyeclanche cells of diamater 5-3 cins.) which in some of the 
experiments had about one hall of its surface coated with sealing ^^ax leaving 
only the portion SS of its surface free for the evaporation of w ater- 



FiciURE I 

At the beginning of the experiment the ])ot is nearly full of water, but even 
at the end of the experiment the water level is above the exposed surface SS 
thus offering a constant surface for evaporation during the experiment. The 
resistance coil R is of 2 25 ohms. When a current I is passed through the coil, 





FlGUltI$ 2 
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after a few minutes the temperature T of the water as indicated by the thermo- 
meter H becomes practically steady. Readings are taken for increasing values 
of I till the temp^*rature T rises above the dry-lnilb temperature. 


A typical curve for 




i 


plotted . against V is shown in figure 2 


(curve A) wdiich shows that tlie relation between them is linear, thus verifying 
the thermodynamical theory of evaj oration and also the assumption regarding 
the constancy of Kxperiments were also performed with the i>ot wuthoutj 
the coating of sealing w'ax, and even here it is interesting to note that the 


relation observed between 




and 1 “ is a linear one 


(curve B, fig. 2). 


At the start of tlie ex])erimcnt, the pot is almost full. At the end of the 
experiment it is still about two-thiids full. At first sight it w ould appear that 
for the uncoalcd i^ot the aiea exposed for evajKiration will decrease as the water 
level sinks in the ])ol, but, due to capillary action, water creeps along the w^alJs 
of the pot abfive tlie water level inside it, and thus the evaporation-area remains 
almost constant. Ilowevei, at the end of the experiment, when the water level 
has fallen below the top of the pot by about one-third of its length, th^ points 
tend to fall below the straight line B. The value of 'q can be obtained from 
the sloi)L of the straight line and we find in the case of figure 2 (curve B) 
seconds. The value of for a pot, or perhai^s better still the value t„ for 

unit area ol a porous pot, may l)e taken as a measure of the evai)Oiation 
efficiency ” fora pot. It is hoped to undertake vsuch a coni])ai ative study for 
different types ot pots at a later elate. 


Thanks are due to Dr. D. >S. Kothari for suggesting the problems and his 
interest in the work. 


R n V 1v R K N C K 


’ Brunt, Dviiainical i\lett()rolt>gy. TTazari T^al iiiul Abinasli t'liaudra, /ut/. /oiu . P/iys., 13, 
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THE EFFECT OF AN ELECTRIC FIELD OF STRENGTH 
-l/2aF’ ON THE POLARIZABILITY CONSTANT OF THE 
NORMAL HYDROGEN ATOM^ 

By WILLIAM H ROBINSON 

{Ri'ieivcii for publicLilioji , /hfi^ust jo, 1040) 

ABSTRACT. Using IJic integral for tlit upper limit of the energy in its lowest state ol a 
system as ^ and applying tlic varialifni incthod along tlie axis gives the eiiergry^ 

With a field strength of — produces a negative polari/abilily constant for the normal 

hydrogen atom, i he value obtained is - .sSo/jy x 3 which is in close agreement 

with that obtained by tlic second-order pertiubatioii theory. 


The electric nioinent of the induced dipole (cliarge x distance) is aF, where 
‘ n ’ is called the ‘ polarizalnlity ’ of tbe atom or ion and F is the strength of the 
field. Using the integral iov the upper limit of tiie energy in its lowest slate of a 
system as 

... (i) 

where H is the coinplcle Hamiltoiiiaii operator and is expressed as follows 

h d 


H=T(g, />) + V(g) and P = 


27n’ 9 q 


For the normal hydrogen atom IS, with « = i,L — o, m = o is given by the 
wave function 


... W 

Vn-aii 

Using the variation method along the r-axis and multiplying cq. (2) by (i + Ai:), 

■■■ I3) 


] — /n 

Letting 0 = (i + A;:)i^ 1 , = ' — r e (i + Aa) 


where z = 1 cos 0 

The Hamiltonian operator will be in this case 


H 


oTT- m , 


-fV and V= - “ + f .F.s. 

r 


# 


\o 


Communicated by Prof. K. S. Knshnaii, F.R^S, 
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Using H on equation 3 gives 

V<P 

bTT^ m, 


11 ''-= -J'l 


-- V?'/'+ “VS-/' ) + V</> 

m o / 


110- 


8"" y ^)2 1 
/ 

H-'-' I /i 


' V‘i 


where /a — 


J21 1 m ‘2 
m 1 I- VI 2 


cS.T^ 


r- ‘ 07 y 8 r y sill'' ^ ‘ 

/ \ "» 


r"" sin 


(9 ‘ a6» 


sin 




— - H' cFr cos 
1 


When \vc snbslitute and 0 in cq. (i) and evaluate over all space, eq. (i) 
reduces to 


r»r.r,-./.„ 


(i -f Ai cos 0 ) 


0 0 0 


■i-'v 1*3 ( .' + A,»cos»') 

bn fi 1 - y 


I / , •> ,3v,2rAcos^ 2/^1 \a iJ sArsin^costf 

- (2rH“3r‘'COS - Acos^'?/-- r/ ^ 

r^ao \ ^0 / ] ^ 

.2 


'I' 


r" sin 0 
sin drd(p. -■ ( 4 ) 


“ - (i + Ar cos 0 ) -f cFr cos 0 (j 4 - A/ cos 0 ) 

r 

W'ith the following integrals and their values, 

p 2T pTT — 7f 

^ sin (9 dO^ 2 , \ sin (9 cos 6^ d0 = o, I sin <9 cos^ <9 d0= 2 !^ and 

n 0 0 

^ sin (9 cos 7 ? ti^=-o substituted in eq. (4) gives 




“ 27 / an 


. - A 

ao 7 


-f- 2/3 cFr^ A 


lA /2/3A‘M _2AV^ _SA2 2A"r \ 2 c‘"AS'^ 2cFr‘^ 

8 n'-^/\ aii ao 3 3 «o / : 


dr 


which 1 educes to the following, when the integrals of this form 




r“^ - 2 r/a „ / a, \ 

j f *' ) [!i ^re evaluated for values of 71 = 1, 2, 3 and 4. 
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Their values are respectively 3 ao 

4 48 * 4 ' 


Therefore a reduced form of equaliou (4) is as follows, 

E = 

Since it is not convenient to normalize f we can divide cq. (1) by 


J}^ ty^ 7 5 A 2 9 A o i> 

Q-'-> - 2 ~ 2 cFAaS + “‘*0 


is) 


^ip^tpdr 

and E will retain its validity. 

Evaluating and integrating over all space, 


(i + rA cos 0 }^r^sm$d 0 d(l>dr 

'• ” (} 

0 0 0 

■r.c-2rl(U, ^ ^ /•»^-2r/ao 


/./: -2r/(n, - 

-2] " 3- r=dr-l-‘ \ . -AVdf 

= ii + af,^% 

Dividing eq. (5) by eq. (6) and letting /|2 = 47r^ao)Uf2, K has the form 


^ i + aU^ 


2ao 


i zcFouA . 


( 6 ) 


(7) 


Differentiating eq. (7) with respect to A and equating it to zero gives the 
equation 

-“2aoEA'^ + cA + 2Fao = o. (g) 

Solving for A and omitting ibF^aS, because it is small in comparison to the 
e ’ term, leaves 

2 ui? 

Substituting this value of A in cq. (7) reduces it to the following 


2= I e“ j 

4aSF=‘ + e=* I 2"o /' 


... (9) 


Since E is given equal to -i/aaF^, equation (9) gives 


a= -403, 
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and then taking the lacliiis of the orbit in the normal hydrogen atom, referred to 
the center of mass as " riij — .5282 x 10“'"^ cm., gives a— - .58947 x cm.^' 

Thcicfore, sucli a field strength produces a negative ' a ’ which sljows that 
the induced dipole is in tlie opjjosile diicction to the field instead of in tlic same 
direction 'J'his value of ‘ a ’ obtained here is in close agreciiient with that ob- 
tained by the first- and sccond-ordur peilurbatioii theory applied to the Stark 
effect of the hydrogen atom by Ivpstein,*' Wentzel/ and Waller."' 

Phvs, T)j-rT. NCC. N, i bg4oy, 

NOKTH C'AKOIJNA COU.hC'.h, I 

Dukham, N.C., U.S.A. 
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* r. S. Epstein, Phys. Rcv.^ 28 , 695 (1926). 

^ G. Wentzel, Z. f. Phy.^ , 38 , 518 (irjifi) 

T. Waller, Z. /. I'hys., 38 , 635 (192^). 
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A NOTE ON A NEW METHOD FOR THE DETER- 
MINATION OF M ’ 

By a. G. CHOWDRI 

AND 

D. S. KOTHARl 
(University of Delhi) 

{Received for pttblicallon, July 6, 19^0) 

ABSTRACT. The pppcrclfSCMlics ii niodificntinn of ntul Iliictis'.'; niclhod. The 

rolalinp magnetic field is lu ie replareil In a iKni-nilaling magintic field. Tlie angular velocity 
in I.ahy’t, inctliod here eon-c.sponds to a factor R\/L, wlureR is the rcsi-^tance, L the sclf- 
indnctauce and X is a h ngth. 

:T. The iiio.st accitralo clclcuiiinatioii of llie mechanical equivalent of heat 
that we have at ine.sent is due to Taby and Ilercus.’ In this method work is 
done electrically but meastired mechanically. A metallic continuous-flow calori- 
meter is sttspended by a torsion wire between the poles of a powerful electro- 
magnet, the magnetic field being normal to the axis of sii.siieiision of the calori- 
meter. A rotating magnetic field is produced by rotating the electromagnet, and 
the calorimeter is pi even ted from following the motion of the electromagnet by 
applying a suitable mechanical couple C. If the rate of rotation of the electro- 
magnet be n turns per second, then the work done per second is 2~nc, and 

27rnc = Jws(02-0j), ... (j) 

where 7v is the rate of flow of water through the calorimeter, the temperature 
of water at exit, 0 i the temiierature at entrance and 5 the mean specific heat of 
water for the temperature range to ^2- 

The present experiment is a variation of Laby’s method in that the rotating 
magnetic field in Laby’s method is here replaced by a linear oscillatory field. The 
theory of the method is straighlforw ard and is as follows : — 

§2. Let us consider (figure i) a metallic ring S suspended in the magnetic 
field of the electromagnet L which is supplied with an alternating current. Let M 


• Communicated by the Indian Physical Society. 
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be the mutual inductance* between the ring and the magnet, L the self-induc- 
tance and R the resistance of the ring, 



Figure i 


It rcprcsetits tlic sketch ol apparatus. 
The letters are explained in the text. 


then we ha^'c I'lRH = —jMun ... (2) 

where 1*1 is the current induced in the rin^, z the current of frequency 27:10 flow- 
ing in the electromagnet, and V “i- Solving equation (2) for i], we have 

. _“"Ma)/osin (ioi-ip) . V 

/(R2 f L2„V!!) > w 

where i — U< siu "’t. (4) 

and tan <t>=R/L>». (5) 

The rate of heat generation in the ring will, therefore, be 


W=R7/, 


where ti“ is the average value of 

Substituting (3) in (6) wo, obtain 


W = - 


RM 


2,.. 2 


■I=, 


(R’^ + L-o.s) 

where I is the r.m.s- value of the current in the electromagnet. 


( 6 ) 


(7) 


* Because of the iron core of the electromagnet, M will be a function of the current f in 
the magnet. 



Note on a New Method for the Determination of * j ' 411 


The force F experienced by the ring in the direction of .r will he 


F-- (Mh,), 

O A 


... («) 


which with the help of (3) reduces to 


F = 


0A- 


sin (<.)/ + '/>) 

VlR' + i;-'.''-*; 


sin >11 i 


The average value of F is therefore 


(9) 


P _ F^(o cos <!> 6M“ 

V'(R“ I L-'""*) dx ’ 


(10) 


which on substituting for cos </> from (5) gives 


p ^ 0 M2 

R^ + F'V-^" 0A- * 


... (ii) 


Combining (7) and (ii) w'e finally have 


aw 


=f'r/l. 


and 


0X 

WtA) = R/L 5* 


F dx. 


(12a) 


§3. The "apparatus is shown in fig. i The copper ring S of about 6 cm. 
diameter and 50 gin. in weight is suspended from the beam of a Cenco Trip-scale 
Balance B. H is the electromagnet which is connected to the C. mains tlirough 
the adjustable resistance r and the ainiiictcr A in series. Tlie electrfjiuagnet used 
in the experiment consisted of the open core of a l^eybold’s dismount able type 
transformer which was used with its coil C of 6qo turns. Tlie separation between 
the ring and the magnet was altered by moving the ring. The vertical force 
acting on the ring was measured at constant current in the magnet for diflercnt 
values of the distance (v) between the ring and the magnet. 


* In comparing this equation with eq, (i) wc find that the angular velocity w in cq. (i) 

corresponds here to , L/R being of the diiitnsion of time, 
ly/R 
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The heat genciatcd in the ring raises its letnperatiire, and when the steady 
state is attained the rale of heat-generation will be proportional to the excess of 
teinpcratnre of the ring over the surroinidiiigs, provided the excess is vStnall, as was 
the case ill the experiment. The tem])eral\ne of the ring is measured by the 
eopi)cr-constantan thernio-contjle c.c. 'J'he I'^- developed in the couple is 

iiieasiired by a mirror galvanometer of voltage sensitivity of about lo volts 
per scale division. The gaU^anometer defleelioii is i)roport ioned lo the excess of 
the lem])eratnic of llie ring o\er the surroundings. The shield D in figure i 
was placed to ijrcveiit (he beat generated in the electromagnet from affecting 
the ring. 



Figure 2 

The eiirve A represmls Ihe relatii)n betwciii llie force 
i' nnd II1C dislaiiec . Tlie ui diiiate i.s 6 5 linjcs 
the forri' in gi ani-wi iglits. 

'file enrve H ‘dnm s llie galvanoilKler dencetion 0 
against the distance .v. 


In figure 2. some typical results are shown. The curve A represents the 
force F (in gram-weights) agahrst the distance .v. The curve B shows the gal- 
vanometer deflection 0 against ;v. In both cases the cnireiit was = 2’g Amperes. 
The relation (i2h) retiuircs that IF(.v) or the deflection e{x) corresponding to it 

should be proportional to F dx. In figure 3. f'(.v) is represented against the 
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Tn Ihi.s the ordinate- rcpnsmls the- inli-gral 

I F dr, and tlu abscissa tlic i>alvanfjiii(‘li.‘r di I lee- 
lion 0 correspondini^ In <lislanct 

integral \ F dx. The observed points be practically on a stri^Jit line as re 

quired by the theory of the experiment. The value J can be calculated from 
figure 3 and equation (12), if we know the calibration curve of the thernu)- 
couple, the thermal capacity of the ring, its lesistance and self-ijjductaiiee. 
The approximate values for the various quantities are easily determined though 
their accurate detet inination is not an easy matter. However, these details will 
not be considered in this paper, but all the same, it is of some intei est to note this 
variant of Taby and Hercus method. 

Physics Dki*ak tmi: n t, 

Uni vj; RSI TV or Dreni. 


R E F K R E N C E 


1 baby and Heiciis, Phil Trans,, 21^7, 63 (1927;. [See, Saha and Sruastava ; A Trt ati‘.f- oq 
Heat, pp. loi-iii], 
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ASSOCIATION OF ACETIC ACID IN NON-AQUEOUS 

SOLVENTS* 

By KOTESWARAM 

{Received for pidbliiation^ July 2 , kjj^o) 

Plate XI 

ABSTRACT. Aflrr a review of work on acetic acid in water, tlie ncicssitv for the 
study of this substance in non-ruiueous solYciits is slrcsscd Invcsti^alimis were nuulo with 
both polar and non polar li(]uids as s.dvents f(U- this acuL Tlie cluiii^a-s in Raman Irequencies 
of this liquid in mixtutes with chloinlorm, nitrobenzene. ilh\l ether, acilone and ineUiyl-etliyl 
ketone aie rlcscribed Mn chanc.es are perceptible in solid ions willi clilorofornn This is 
explained on the basis of the al)Scnce of either a donor or an accepLoi atom in this solvent, 
which is there fore supptjsed not tohav<' any influence on tlie acid. The other four substances, 
on the otlu r hand, brill, q aljout distinct shifts in the C O frequency in particular. This is 
attributed to the presence of the donor atom O in t hese nmlei ules, which is in a position to 
associate with the acceptor II in the aetd inoleciilcs. vSiicli an association can briiiL^ about 
the sphttiicu of tin associated inolet nlt s of the acid also, wliich tlicrefore ri sults in th(^ change 
of the Raman frequencies r.f the acid. A new’ line with frcqiuncy i7t)o cm ' ' is ascribed to the 
free C o bond in the acitl whidi aiises out of the disruption ot the acid ('oiiiplcxes into 
sirnplei molecules and w hich remains frci‘ in the new ceniplex formed witli tlie solvent, as 
there is m- aecejilor IT in the moletulcs of these solvcaits to get associated with the O in it, 

1 N T R O D V C T ION 

111 a imvious imiblicatioii/ the author btudietl the Kaiiiaii speetnnu of acetic 
acid at dirfeicTit concentrations in water and foiiiul that the principal C--d)baiid 
of the acid with its intensity niaxininni at 1070 gradually shifted with dilution 
towards higlier frequencies. At 25% coiiceiiliation of the acid, it was found that 
the intensity inaxiinuiu of the C"-t) band was about 1710. Py a study of the 
effect of temperature on the acid, it was found that by increasing the temperature 
the intensity maxiiDUin again shifted in the same direction It was [lointcd out 

that the appeal aiiee of the band at ioo‘ C ill the pure acid W'as similar to that at 

g5% concentration of the acid in water. These results were attributed to the 
breaking up of the initially associated molecules of the acid into lower jiolyniers 
at higher temperatures and at higher dilutions. vSimilar results obtained witli 
formic and fienzoic acids in aqueous solutions w'ere explained similarly. 

* Part of the thesis approved for the D.vSe. Degree of the Madras Universitv. This work 
was done under the direction and guidance of Dr. T. Rarnokrishna Rao, Andhra Diilversity, 
Waltair. 

Communicated hy the Indian Physical Society, 
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While these changes were observed in aqueous solutions, the acid showed no 
change in solvents like benzene and carbon-telra chloride. The two non-aqueous 
solvents chosen having l)een non-polar, the dissociating effect in aqueous solutions 
was attributed to the polar solvent, water. 

A further elucidation of the i)ht-‘iTOinenon was necessary for a complete 
understanding of the i)hciiOTncnon of association in acetic acid and hence the 
author studied the Raman si)ertrum of the acid in other non-aqueous polar 
solvents. The results oblained arc detailed below. 

E X P E R I M J‘ N T A L 

The usual experimental arrangements for obtaining Raman spectra of liquids \ 
described already in the aiillior’s previous comniiinication ’ were used. The \ 
liquids under study v\/ere distilled in vacuum and rendeicd free from water to 
eliniiiiale its effect. Tninsfcrring of solutions was done without disturbing the 
arrangement. Thus the slit of the spectrograidi was kept at the same constant 
width throughout the investigations. 

R E S U L T S 

Volar licjuids can be broadly classified as normal and abnormal. Among 
these, norinal liquids are those, which, though polar, are not associated. 
Abntnmal liquids are highly associated and show abnormal physico-chemical 
l)ro])ei ties. The fatty acids, alcoliols and water are prominent examples of 
abnormal liquids, while almost all other i)olar liquids are iioimal — acetone, ether, 
nitrobenzene, etc. But some of these normal Ihiuids liavc got a strong tendency 
to associate with other molecules. A molecule having a ‘ donor ’ atom has got 
affinity for one luiviiig an ‘ acceptor ' atom and forms a donor-acceptor link with 
it. An associated liquid has got both a donor and an acceptor and hence co- 
ordination or hydrogen bond formation (as the American school calls it) takes 
place and the molecules associate. 

The effect of chloroform, nitrobenzene, diethyl-ether, acetone, and methyl- 
ethyl ketone on acetic acid was studied with a view to observe the changes in 
the polymerisation of the acid. Of these, nitrobenzene has the highest dipole- 
moment about 4 X io~^” e.s.u. iUid the rest of the solvents have moments ranging 
from 1*55 for ether to 2*5 for acetone. 

The following results were obtained : the first three solutions were 50 ; 50 
mixtures by volume. 

I. Solution in chloroform. 

There arc no prominent changes in the Raman lines of acetic acid Ui 
chlorofprm, 
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In iiiobcn::cuc, 

The C — C line of acetic acid at Ar — 893 is unchanged. The C — O line at 1670 
rendered less diffuse and another line at about r76o makes its a])i)carance. 
Both these lines are not very clear on the ])late due to (he continuous spectrum 
which developed during the exposure. 

3. Iv Ether. 

The C — C line in the pure acid has a faint component at about 87:;, whicli is 
not visible with ordinary exposures. In tlie solution in ether, tliis line accom- 
panying the 8c)3-line increases in intensity such tliat it is clearly seen, coniimrable 
in intensity to the strongest Sg3-linc. The C O line at 1070 gets more diffuse 
than in the pure acid and two diffuse lines, with intensity maxima at 1685 and 
1750 can be clearly seen. 

4. In Acetone. 

The most ])rominent changes are undergone by acetic acid in mixtures of 
acetone and of methyl-ethyl ketone with the acid, 'i'hree different concentrations, 
75%) 5^^%) 25% of the acid in the mixture have been studied. 

Conspicuous clianges are observed on the following lines : 

line . — As in the case of solution in ether, the low-fiequcncy companion 
at 87:3 makes its appearance in a 75% solution, and as the concentration of the 
acid ill the mixture decreases, the low-frequency conqionent increases in intensity, 
till at 25% concentration, it is more intense than the 893-lirie itself. Tliere is 
no line in acetone in that region and hence the effect can be attributed only to 
acetic acid molecules (Kig. 1) (Plate XI). In the niicrophotorneric curves given 
in fig. I the increase in intensity of the 872-line at higher concentrations is 
clearly seen. 

C —0 line . — In pure acetic acid, the C — O frequency is about 1670. In pure 
acetone it is about 1712- In the mixture the j67o-line maximum is seen proceed- 
ing towards higher frequei’cies ith dilution till it gets blended with the acetone 
line. In addition, a line at 1760 v^hicliis quite sharp, makes its appearance. 
This line is present at all the three concentrations studied. 

Av = 623, 

This line also seems to change in a maimer similra- to the C — C line at S93. 
In the pure acid, it has got a low-frequency component at 601, but the component 
is too feeble to be visible with ordinary exposures. But as the concentration of 
acetic acid in the mixture decreases, the intensity of its low-frcqueiicy conjponent 
increases correspondingly. 

5. In McihyUethyl t^etone. 

The effect in methyl-ethyl ketone is similar to that in acetone. As before, 
there is a clear splitting of the 893-line and an increase in the intensity of its low- 
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Ireqiicjncy cornijoneiit with increashig diiiitioii of the acid in the solvent (P'ig. ij. 
Tile line at 1670 shifts towards higher frequencies till it gets blended with the 
C — 0 line of tlie ketone at 1715 and the new line at 1760 also makes its appear- 
ance. Tile effec t on the line 6*^3 could not be studied due to the presence oi 
another ketone line close to it. 

Conipaiison of these results leiih those obtained by dilution in other Solrcnts. 

b'or a piojier undei standing of the behaviour of acetic acid niolecnles in the 
diffcient solvents studied, a comparison of the results obtained ^vith other solvents 
also is necessary. We shall first tiike the C — O line at 1670 which is bound to l)p 
ariected most by polymerisation or depoly nierisaticm. 

In non-polai solvents/ benzene and carbon-tetrachloride, this line is un- 
affected , Among other solvents, chloroform docs not seem to have any percep- 
tible elfect on it. Nitrobenzene splits it into two comiionents, one at 1670 and 
another at J7(x). The same is tlie case vs itli ether but the 1670-line shifts slightly 
towards highei frecjucncies and )K)lh the lines are very diffuse unlike v\'hat they 
are in nitrol)enzene solutiem. In ketones (acetone and methyl-ethyl ketone) as 
solvents, we again sec the 1670-liiie shifting towards higher frequencies and the 
i7tx)-liiK apix\aring. The actual positi(m of the shifted 3670-line and its spectral 
chaiacleristics cannot be estimated on aecouiil of the superposition of the 1715- 
line of the ketone on it. While in all these polar solvents, a clear distinct line 
at 1760 is obtained, it is significant that in uatcr alone, no such line at 3760 is 
found even at a dilution of 25%. In aqueous solutions, the i76odijie gels more 
and more diffuse and shifts gradually towards higher fiequeucies.^*^ At no stage 
can two distinct lines, either sharp and separate as in nitrobenz.eue or diffuse and 
yet discreet as jii ether, be obtained. 

With regard to other lines, tlieiv is again a difference in iheir behaviour in 
water and in the other polar solvents. U'he 620- and 893-lincs are unafl'ectcd in 
solutions in non-polar solvents and in chloroform In nitrobenzene Iheie dees not 
seem to be any consi)i( uous change. But in ether I)oth of them double up with 
low-frequency components at 603 and 872 respectively. In acetone and methyi- 
clhyl ketone, the same is the case and we find that as the concentration of the acid 
in tlic solution diminishes, the low-frequency lines become more intense till at 25% 
acid in acetone, the 872-line outshines its companion. The reverse happens in 
aqueous solutions The lines tend to become more diffuse with decreasing con- 
centration, the low'-frequency component disappearing even at high concentra- 
tions. This is again a conspicuous difference between aqueous and nun-aqueous 
solutions of the polar type. 

DIvSeUSSTON 

To understand the changes listed above, we must first get an idea of the 
molecular structure of the acid and that of the solvent used. As wc already know. 
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Fig. I. C-C l.ine.s of Ac**tic Acid in different Solvents 
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the acid is an associated liciiiid, mostly cmitaiiim^ diiiicvs of the type 

XX..H(X 
II C-Cr 

^OII.-.CV 

There is no definite evidence for the existence or non-existence of other more 
complicated molecules or less complicated ones. The solvenls employed in these 
investigations are of three types: (i) non -polar, (j) polar and normal and ( 3 ) 
polar and abnormal or associated. In the first case no changes are observed, 
showing that the acid molecules remain as they are This olxservatioii is in conso- 
nance with existing physico-chemical data whicii gives abnormal values for the 
molecular weights of a^'etic acid in non -polar solvenls like bi nzeiie. 

In i)olar solvents, changes are uiiserved, showing thereby that the molecular 
structure of the acid is afl'ected. The following changes may take [dace : 

(i) breaking up of associated molecules into simpler ones. 

{ii) Formation of complexes between the solvent molecules and the simple 
molecules so libeiated. 

Thus, ill general, there is the possibility of such a .solution containing the 
following types of molecules : (I) unbroken molecular aggregates of the iiiire 

acid, (II), lower polymers like monomers and (III) complexes formed with the 
solvent. An explanation of the changes observed in the Kanian spcctiuni of the 
acid in the dilTerciit polar solvents is bound to be dependent upon the factors 
outlined above. 

Next we should consider the clfect of these cbaiiKCS upon the frequencies of 
the particular oscillations studied. The author has already pointed out that the 
effecl of association on the C- O line is to reduce its frequency and the effect ol 
depojymerisatioii is to increase it, if the co-ordination or the foimalioii of the 
hydrogen bond takes place on the ( ) in C=()3 ' Based upon this factor, it was 
argued that in aqueous solutions of acetic, formic and benzoic acids, the increase 
infrequency of the C = 0 iuind is due to the formation of lower polymers. 
Association can take place not only through the () in C = (>> but through 
H in OH which can act as an acceptor. It is only in the case of similar 
molecules, t.c., in the case of molecular polymers c»f the pure acid alont, 
that both the donor and acceptor atoms are linked up through hydrogen bonds. 
If, on the other hand, a different molecule, say ether or acetone, forms a comj)lex 
with the acid, then its donor atoms link up only with the acceptor atoms in 
the acid, with the H in OIL Thus, the C = 0 is unlinked, its external 
binding through the hydrogen bond is released, and the eHect on it, if any, 
of the hydrogen bond at the end of the H in OH may not be towards diminish-' 
ing it." Hence, again, there is an increase in the frequency of the C = 0 , if 
a molecular complex is formed between the acid molecule and another molecule 
having a donor atom. 
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The changes undergone l)y the Raman lines of acetone and methyl-ethyl 
ketone in acetic acid aic discussed in another paper. 'I'he effect of acetone, 
nietliyi-ethyl ketone and ether on the acid seems to be to break up the associated 
molecules (i)robably dimers) into their monomers and form comple;xes with them 
of the types 


L'll — 


O 


ClI — 


CIl 


Oil. 

/CH, 

..o-c/ 

^CII, 

0 


on. 

/CH, 

»=c<; 



;0 


OH. 

/C,H, 

..OC 


In all these, the C C) linkage of the acid is unattached and hence the ijiK)- 
line may probably be due to this. Tliat it may not be due to the in 

acetone or methyl-ethyl ketone is shown by the fact that the line is present in 
solutions ill ether as well as in nitr()l)enzene. 

The C binding in these cases seems te) be aflected by the formation of 
these complexes. Hence the aj)pearancc of the new line at S72. The fact 
that the line increases in intensity w ith increavsing dilution of the acid shows 
that at greater dilutions more and more molecules of the acid are broken up 
and link themselves to the solvent to form complexes. The changes in the 620- 
line are explained similarly. Ihe author attributed ^ this line to an external 
oscillation of the carboxyl grouj). If this group is attached to an external 
molecule, the line is bound to be displaced and the doubling is caused by the 
presence of attached and unattached molecules in the mixture. Further con- 
tirmation of this is found in the fact that these kw-frequency components 
api)ear in the pure stale of the acid, while they disa])pear at greater dilutions 
in water. The fact that the Sq^-line is not doubled in solutions of acetic acid 
in nitrobenzene is probably due to the non-formation of complexes. The effect 
of nitrobenzene may be merely to break up the dimers into monomers on 
account of its large dipole moment. The NOa-line of nitrobenzene is itself 
unshifted and hence this contccturc. Chloroform docs not seem to have any 
effect at all on the acid. Probably the effect of the dipole interaction is too 
feeble to break the dimers of the acid. 

Tlie effect of water on the acid is distinctly dissimilar to that of all the 
previous solvents studied. While there is the appearance of two distinct lines 
for the frequencies 620, 893 and 1670 in all the other polar solvents, in water 
there is a gradual shifting of the maximum of the 1 670-band tow^ards 1710 at 
higher dilutions and the other lines merely get diffuse, the low-frequency compo- 
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nents disappearing. This, as has been already pointed out, seems to he due to 
the breaking up of the higlier polymers into lower ones. The fad that the 
low-frequency components of the 620- and 893-liues which are characteristic of 
the higher polymers disappear in aqueous solutions, lends su])porl to this view. 
But it may be argued, why don’t water molecules link themselves uj) with 
the monomers so formed and form complexes as in the case of solutions in 
acetone and methyl-ethyl ketone? If they should link up to the C = U, the C — O 
frequency must be diminished. Hut in fact it incrcavSes. The lines character- 
istic of the higher polyniers of the complexes formed with the monomers, viz., 
the low-frequency components of the O20- and 803-lines are absent in aqueous 
solution. Ilencc it is evident from the data tliat hydrates with water do not 
seem to be formed. There is another way of linking in order to form a liydrate- 
TheH in (.)II in acetic aci.- may act as an acce])toi and the O in water may 
l)e the donor. Tlien the striictuK of the hydrate reseml)les that of the acetonate 
given already and hence the 1700-line must be expected. Also the low-frequency 
comi)onenls of the lines 6:;u and 893 must make their ai)pearaiicc as in the 
case of other solvents. h;xi)eriinent slums that there is 110 trace of a separate 


and distinct Tybo-line and that the 6oj-and 87 -lines actually disappear in aqueous 
solutions. Moreover, i)hysico-chcmical data of Jones and his co-workers point 
out to llic noil- existence of liydrates of acetie acid in aciucons solnlions.* Hence 
the changes of tlie Kaiiiaii liiie^ of acetic acid in aqueous solutions seem to 
be due only to a deimlyinerisalion of the acid in the solvent, as pointed out 

elsewhere.^ ^ r 1 

Probably a distinction can be drawn between the eliect of other polar 

solvents and that of naler. In the case of water, we are trealiiig with an 
abnormal and assoeiated li<,uid. It is uell known that the eliect of one associated 
liquid on another is towards inntual depolymerisation. Juieb tends to diminish 
the association of the other. Probaldy that is so in mixtures of fatty acids and 

•I'he »tren.t didnsci.ess uol only of the C = 0 ra.c but of every olhe, 
line in aqueous solutions appears to be clue to the iluetualions of the polarrsa- 

tion field of the water envelope round each molecule in geiieial. 1 he effect o 

this field and its fluctuations is iiiaxiaium in the case of \^ater as compared to 
the other polar solvents, proliably on account of the small size of the molecule. 
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SPECIFIC HEAT OF LAC 

By G. N. BHATfACHARYA 
Indian Lac Research Institute, Ranchi 

(Received for publicniton, July ig.jo) 

ABSTRACT. Specific heats of diffcToiit varieties of lac and lac eonstitnents have been 
determined with a vaciuim calorimeter wliicli in principle is the same as w as enipl»)ycd by 
Neriist and Lindcnianii for poor heat-ccjiuliictorB. Thf constnictional details of the calorimeter 
have been described in the paper The first series f>f (xperinieiils show that the specific heat 
of shellac practi( ally remains ( onstaiit ovei the tempejnture rani^c' of !(» 40X" and the 

value obtained is betvvec'n and o 3S eals./gm./"(\ Cipher and higlu'r values are f»btained 

os determinations are made at hiphei and hipher temperatures, {^cedlac, in pineial, has a 
slightly higher value of specific heal than shellac owing probably to the presence of slightly 
higher percentage of water. IkaMinrdeiied lac lias heen found to give a lower \alue (f specific 
heat due to the elimination of water during the tiardi ning process. It has Ik en noticed Ihol 
lac begins to ahsiirb heat of fiisi()n even at so low’ a Icmperaliire as .lo'C which is ordinarilv 
believed to be far away from its softening range of temperature. 

I N T F 0 T) C T ION 

Au elaborate stiidy has been iiiade oil Ihe thcinial pioperties of most of the 

synthetic resins, but since lac is a natiiial resin and as such it cannot be a 
very standardised product, adoqu ale attciiticn was not paid to a careful study 
of its thermal properties so far. Some data on its thermal conductivity, theunal 
expansion,® softening and melting points ’ and fluidity aic available. But no 
record of the specific beat of lac i.s available till now. Veiman ' pointed out that 
the study of this property at different temperatures might be useful m obtaining 
an idea of the change which lac undergoes on heating. 

The problem of storing lac for a long period without having its theunal and 

electrical properties appreciably altered is engaging the attention of slicllac- 
manufacturers. Cold storage of lac is being tonsidcred by some as a probable 
solution. Data on the specific heat of lac will be very useful for this purpose. 

The object of the investigation was to supply .specific heat data sufficiently 
accurate for ordinal y purposes but not such as would have neces.sitated extreme 
precautions and very elaborate arrangements. This was in order to sini]iliiy 
unnecessary complications considering the nature of purity that uecan ordinarily 
expect from a sample of shellac. Though, tlicrefore. a vacuum calorimeter was 
finally 'used in these investigations, the use of a calibrated tnermo-couple for the 
measurement of temperature or of potentiometric evaluation of voltage and current 
that is usually associated with such a calorimeter has been purposely omitted. 
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It should be clearly luicler stood, llo^^cver, that for substances, like resins, 
which have a softening range of tenipeiature but no definite melting point, the 
determination of specific heat could be done only at temperatures tolerably 
removed from the softening range as otheiwise latent-heat factois would vitiate 
the results, 

K X 1' n K T M E N T A L 
Pichuj i na ry Expr linic nis 

Ordinary calorimetiic method nas first nsed for the determination of specific 
heat of lac, the cakaimeter being a A\ull-inMilatcd doiible'Wallcd one and paraffin 
oil the cciloriwctric liijiiich Lac in tlic foim of powder was enclosed in a sniap 
flat copper container and was never healed above /j 5*^0 in order to keep it faV 
below its softening point. Detciminatic.n uas made within tv\o ranges of 
temperature, 7'7;r., between loom tcmpeiatiiu and /15®C and betw^een room tempera- 
ture and (/'C. Lor the higher range of teni])eralure samples were heated having 
been suspended inside a w ide lube smronnded by a jacket thiough which hot 
whaler at some definite leniperaluve could be circulated. For the low'cr range of 
temperature, however, the jacket could be filled with crushed melting ice and a 
small cruiciblc containing fused calcium chloride was placed on the bottom cork 
closing the inner tube in order to absorb moisture from the enclosed air. 
Detennination of specific heat was made in the usual way by noting the rise or 
fall of temperature of paraffiin oil and applying proper corrections. 

The values obtained in this w'ay for a few samples of shellac were near about 
0'5 cals./gnh/'’C within the higher range of temperature and about 0 3 to o'4 for 
the lower range. As this difference was large, the use of a more accurate method 
of deterniiiiing specific heat at ditTcrent temperatures w’as considered necessary in 
order to ascertain to what extent the effect of temperature was re.spoiisib]e for it. 




tt IGURH I 

vacuum Calorimeter 



specific Heat of Lac 


417 


For this purpose a vacuum calorimeter, which was essentially the same as 
used by Neriist and Lindemann ® for the determination of specific lieal of poor 
heat conductots at low temperatures, was employed. The diagrammatic sketch 
of the design has been shown in Figure ifA). The outer cylindrical can having 
a length of 9-5 cins. and a diameter of 3'5 cms. was made of thin sheet copi)er 
and the inner tube, which was fixed on the top cover coaxially with the outer 
cylinder, was also made of the same material having a diameter of exactly half 
of the outer one. A heating coil of S.W.G. No. 36 constantaii wiie having a 
resistance of 570 ohms was wound on the inner tube using a thin mica sheet as 
insulation. One Icnninal of the coil w'as soldered to tlic body of the calorimeter, 
while the other was brought out through a small hole on the cover having been 
properly insulated by varnished cotton sleeve and sealed in some insulating 
cement. A long thernionieter, graduated to tenths of a degree and which could 
easily be read to an accuracy of 1 /20th of a degree by clamping a reading lens 
on it, was fixed along the axis of the cylinders through a niliber cork fitted on a 
conical hole on the lop as shown at C in the figure. A thin layer of paralfin 
was applied on the cork to make the lid vacuum-tight. The bottom lid could be 
unsoldered for the purpose of filling the calorimeter. The cajiacity of the vessel 
was about 65 c.c. The caloriiiielcr was placed inside a small Witt's filtering 
vessel, the thennoincter projecting outside. The vessel could be evacuated to a 
low^ vacuum in order to reduce as much as iDossilfie loss or gaiji of heat from the 
calorimeter to its surroundings by gaseous conduction or convection. The 
whole assemblage could be placed inside a big thermostat whose temjieralure 
could be kept constant to within oT‘'C throughout the range of investigation. 


Method of Determinaiion 

The proceduie was to fill the calorimeter wiih the snbstante in the form of 
powder and solder the bottom lid so as to make it vacuum-tight. A thin ('oating 
of collodion was sometimes applied on the sokleied i>ortioii for this purpose. 
The assemblage was then pul in the thermostat to attain its tempeiatuie. When 
the thermometer in the calorimeter 1 eg islered Ihe temi)eraluie of the thcimostat, 
the space surrounding the calorimeter u as evacuated to a low vacuum. A lo^v 
current was then passed from a 4-volt lead storage battery of large capacity 
through the heating coil for some definite time and the temperature noted at the 
end of every minute during healing and every half minute after lliat for the 
purpose of applying radiation corrections. 


Calibiatiov 

The calorimeter was very carefully calibrated with Scheving’s pure alnminiuni 
metal powder and subsequently its heat capacity thus obtained used in the 
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determination of >spc;citic heat of copper dust and graphite powder. The results 
obtai]ied agreed to witijin 5% of their values given in the Internationa] Critical 
Tables/ Pure Naphthalene w^as also used as it had been employed by many 
previous workers'^ for the calibration of a vacuum calorimeter, and as it is also 
a i)Oor conductor of heal like shellac. The result was satisfactory and was 
accurate within tlie limits of error stated above. The heat capacity of the 
calorimeter was 14*3 calories/^'C. 

R 1^ vS V R T S ^ 

l^'or a few samides of lac the lime of heating was minutes for the first 
series of ex])Ci“iinents and the rise of temperature about 4'’C, The heating current 
was kejd constani at 0*35 ampere throughout the experiment. The results 
such determinations have becji shown in Table 1 . It will be seen from the table 
that lac generally begins to absoib heat of fUvsion fiom about 4o"C and tlierefore 


Tabiji: 1 


i 

1 

SniiipU' 1 

i 

1 

c 

CU LT) 

5 a 

a 

Range of 
temperature 
in degrees 
centigrade 

i .5^ 

. 

cd 

u 

vS ample 

Wt. taken 
in gins. 

Range of 
temperature 
ill degrees 
cei^tigrade 

C/J 

U 

Kiifiiirn shellac 

60 '3 

1 

1 

0.37 

1 

Ht*al"liardcned 

5S-3 

JO- 15 

o'33 



lu— 15 1 


shellac. 






1 5 — 20 

”•37 



JS— 20 

0-33 



20—25 

0*37 



20- 25 

”■34 



25—3^’ 

”•37 



25- 3” 

0'33 



3‘^>“ 35 

0-38 



3”““35 

0-34 

i 


1 35— /If' 

0.38 



35--4” 

0*35 



0 

1 

”•44 



40-45 

0-34 



I 45—5” 

1 

0-56 



45- 50 

n.36 

Palas shclhir 

5Q\S 

! 

1 TO — IS 

”•35 

Cheinicallv 

55'2 

10 - 1 = 

0'3h, 



1 


har»lcned 






1 15—'-^” 

i.-30 

shellac (shellnr 


15-20 

0-36 



i 


exposed to 






1 20— §5 

0-36 

riCl vapour). 


20- 25' 

0.35' 



25-*3f' 

0*36 



25—30 

0-36 



3‘>"'35 

0-35 



30—35 

0^36 



35- 4" 

o'37 



35-40 

0-37 



40—45 

0*42 



40-45 

0.39 



45“-5« 

0-55 



45-50 

0-43 
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tlic ai»parent specific heat is high at higher temperatures. As a result of this 
finding specific heat was determined for a number of samples between the range 
lo'C and 3o°C. The time of heating was between i hr. and jJ hrs. for different 
samples for this range of tenijierature. Table II shows these results. The 
input energy could be measured within an accuracy of i% and the temperature 
within i'J%. laking into consideration the accuracy of radiation corrections, the 
results are not generally claimed to be more accurate than within 5%. In the 
w'or.st cases, the error may be slightly more. For ordinary purposes, however, this 
accuracy is considered sufficient. 


Tahi.e II 



Ran^e of temperature I 


Pangc of Icmperafnrc 



3o°C 


jo‘’C- 


vSaiTjplc 


— - 

Sample 




Wt. taken i 

Sp. ht. in 


Wt. taken 

Sp. ht. in 


in gins. .ca^s./gm/^C. 


in gins. 1 

cals./gm/"C. 

Knsmii shellac 

60 *3 

c'37 

Pure lac resin (ex- 

57-« 

t>-34 




traded by A -11 

Knsuni scedlac 

5S« 

O’^O 

method) 



Palas shellac 

59*5 

0-36 

Soft resin (lather- 

102*4 

0*48 



soluble) . 


I’alas seedlac 

6i-i 

0*40 

Shellac wax 

76-5 

0-43 

Khair shellac 

59-2 

0-37 

Heat-hordened 

sS-a 

0-34 

Khair seedlac 

6o-8 

0-41 

shellac. 

Pure lac resin 

5K-2 

034 

ITeat-liardcned pure 

54-6 

0*32 

(Ether-insoluble) . 



lac rcsiti. 






Chemicallv harden- 

5S'= 

0-36 



1 

ed shellac. 


I) 1 .S C U S S 1 O N 

Comparing the values of specific heat for some other plastio it is found 

that shellac has almost an identical value. For example, ‘Pyroxylin ’ (Nitro- 
cellulose plastic) gives for its specific heat 0-34 to 0-38, phenol resins give 
0-33 to 0-37, gutta-percha and balata 0-402 and vulcauised-rubber 0-415. For 
shellac wax, however, the value obtained is definitely lower than that for paraffin 
wax (mineral wax, .sp. ht. 0-69) between the same range of temperature and even 
slightly lower than that for beeswax (animal wax, sp. ht. 0-477) between 2 q‘’C 
and 3o*C. 

It will be seen that the values of specific heat of heat-hardened shellac and 
beat-hardened pure lac resin are lower than those of ordinary shellac and pure 
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lac resin. This may be cxjDlaiiied by supposing that during the process of 
hardening by heat both sliellac and pure lac resin lose some amount of water 
and form into a condcnsalioji product.’^ ’ So naturally tlie amount of heat 
required to raise its tem])crature through one degree may be expected to be less 
according to Kopp-Neumann law as the specific heat of water is sufficiently high. 
This explanation gains further support fiom the fact that the specific heat of 
chemically hardened vshellac is not so low, as there the hardening process is 
considered to be one of polymerisation without elimination of water/'* 

To calculate the amount of water that is lost by heat-hardening, one of thje 
pure lac resin sairqilcs of which the specific heat was deterniincd first, was heatek 
at about for 15 hours and the specific heat was then determined again! 

It was found that the value of specific heat fell from o‘34 to o"32 A sample ofi 
Kusum .shellac similarly showed a reduction of .specific heat, from 0-37 to 0-3/^. 
But, as the difTerciice in specific heat was of the same order as the possible 
experimental error, no definite conclusions could be drawn from the calculations 
following Kopp-Neiinianii law. 



Temperature in "C 

Figure 2 

Specific beat of lac at ilifftTeut temperatures _ 

A — K 11 sum vSliellac 
n -Palas vSliellac 
C— ^Chemically liardeucd shellac 
P -Heat -hardened shellac 

It is evident from Table I that the specific heat of lac samples docs not show 
much variation between the temperatures io‘'C and but higher and higher 
values are obtained as determinations are made at higher and higher temperatures. 
Figure 2 shows this variation. This simply means that lac begins to absorb a 
small amount of heat even at so low a temperature as .^o^C though this tempera- 
ture is far removed from its ordinarily believed ' softening range ’ (56 
The study of the variation of refractive index of lac with temperature “ also 
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revealed similar changes near about the same teinperalure. On a study of the 
coefficient of cubical thermal expansion of shellac detennined at different 
temperatures over the range “8o®C to 2oo''C, vSamsouii ‘ found out a transition 
temperature at about 46®C. The expansion-coeiricieiit above 4b''C was about 
four times the value below it. He also found out such characteristic temperatures 
in the case of many other amorphous substances such as, glass, tar, rosin, etc., 
and has shown that other physical i)roi)erlics of these substances also undergo a 
sudden change near about their respective transition temperature. vSuch tempera^ 
turcs have been observed for many other substances by other workers also. 
These specificdicat experiments, however, confirm Samsoen’s obscivation regarding 
the transition temperature of shellac near about 46"C. Apparent higher values of 
specific heat at increased tempeiatures, therefore, indicate incicly the influence 
of latent heat. In other words, when lac is healed idiysical changes begin to 
take place long before they arc detected by the vStandaid methods^' for the 
determination of softening points. The softening jioint as determined by these 
methods, therefore, denotes a definite stage during the softening process, but it 
docs not really indicate the stalling of it. The large diffcieiice obtained for the 
specific-heat values heUveeii the two temperature ranges in the preliminary 
investigations was therefore the result of slight softening at the higher range of 
temperature. Taitiniaii's’' observation that shellac loses its biitlleness at about 
30” ’5C and the softening range is between 3o‘"‘5C and is supiiortcd by 

these experiiiieiils. 

The slightly higher values of specific heat in the case of scedlac than for 
shellac may be accounted for liy llie presence of slightly higher percentage of 
W'aler and by the absence of any heal Ircatmciil during mannfactiue. The 
apparent change of specific heal with temperature in the case of hardened lac 
has been found to be small, as might be expected since their softening points are 
high. The specific heat of shellac is inteimcdiate between those of soft resin 
and pure lac resin and it agrees well w ith the calculated value considering lac as 
composed of about 75% pure lac and 25% soft lac. 
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THE FIRST SPARK SPECTRUM OF TELLURIUM 
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ABSTRACT. Based on an extensive experimental study ot the Emission spectrum of 
Tellurium, the general features of the structure of the first spark spectrum of the element 
have been identified. A related system of quartet and doublet terms has been set up, involving 
the characteristic terms of the 5s, 6s and 6p electron configurations of the singly ionised atom 
of Tellurium. The ionisation potential of Te II is derived to be jr5 volts approximately. 


INTRODUCTORY 

In three previous pajjcrs,* the analyses of the higher spark spectra of Tellu- 
rium Te VI, Te V, Te IV and Te III were published. The present i>apcr is a 
continuation of the above work and deals with the structure of the first spark 
spectrum of the element due to the singly ionised atom. A prcliniiiiary notice 
of the work appeared in ‘Nature.’ * 

EXTERIMENTAE 

The experimental work consisted in an extensive investigation of the 
spectrum of Tellurium as excited especially in condensed discharges through 
Tellurium vapour contained in quartz, capillary lubes and in vacuum sparks 
between Aluminium Electrodes tipped with Tellurium. The measurements were 
made on plates taken with large Glass and Quartz Spectrographs for the visible 
and ultra-violet and with a tangential incidence 5-ft, Concave Grating Instrument 
in the vacuum region. A full account of this experimental work was already 
given in the papers referred to above. 

PREDICTED TERMS 

The singly ionised Tellurium Atom contains 51 outer electrons like the 
peutral atom of Antimony and the more important spectral terms theoretically 

2 
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deduced as characteristic of such au Electron Configuration are briefly given 
below : 


Term 

Prcflk'tetl Terms 

Prefix 

Ivimit "‘p 


IS 

5P 


2D 

3p 

6s 

ip jp 

2d 


6p 

<P 


2P 


2j) 2p 

2p 



All the above terms have been identified with the exception of a few doublets 
based on the ’D and 'S states of the ion. 


ANALYSIS 

The identification of the various nmltiplets has been based primarily on 
the detection of the fundamental resonance combination 5p''S — 6s''P consisting 
of the three lines in the vacuum grating region TV S6094, 82742 and 78447. All 
the lines in the region udicre this group might be expected have been very 
closely scrutinised and no allcrnati\'e choice of this group could be arrived at, 
consistent with the behaviour of the lines under different experimental conditions 
and the probable disposition of this group. The choice has been confirmed 
also by a study of the two available lists of lines of Tellurium in this region, 
one due to Bloch ’ and another (unpublished) due to Professor R. J. Tang of 
Edmonton (private communication). It has been possible with the aid of this 
group to extend the identification to the region of longer wave-lengths and to 
detect the other multijrlets formed by the combination of the 6p terms with 
6s ‘P. A related system of doublet and quartet terms has been set up through 
the discovery of several intertjombination lines. The lines so far identified have 
been presented in the form of multiplets in Table I. For the sake of brevity, 
all the data, comprising of the wave-numbers, term values, and term intervals 
are included in a single uiultiplet table, which is self-explanatory. The wave- 
lengths of the lines are omitted in this part, as not quite necessary. The 
numbers in brackets are the usual visual estimates of the intensities of the lines. 
A complete catalogue of all the lines assigned to Te II will be given in a 
succeeding part dealing with the identification of the 4d terms and other higher 
members. 




First Spark Spectrum oj Tellurium 


425 


The Term Values quoted in the inultiplet tabic have been calculated, as 
has been done by one of the authors in Se II,® from the two members of the 
series 6s*P — nip‘‘S, although the absolute values derived thus might be somewhat 
largely in error. The deepest term 5P gives the second ionisation potential 
of Tellurium to be 21-5 volts approximately. 


Tabi.k I 

Multiplets in Te II 



- 1 OJ 

2T) j 

:!j 27 

33 '■* 55 

36 ® 41 

So 


173H0I 

1635S0 

i6fHS/|7 

1522S1 

I4SIOI 

6s<rj = 95353-6 

78447(10) 

68225(3) 

— 

— 

— 







4p^j = gio 57 'S 

83743(10) 

72519(4) 

— 


— 

3353- J 






“87704-4 

86094(6) 


— 

— 

— 

89*46-1 

— 

74334(10) 

— 

63035(10) 

— 

3570-3 






*Pjj» 85375-8 

88425(4) 

78204(3) 

75471(8) 

66905(4) 

62724(5) 

78944-4 

94862(5) 

84635(6) 

81901 (3) 

— 

69153(3) 

7x559 

102345(9) 

92023(6) 

— 

80717(1) 

76538(6) 

83810 


79767(3) 

77036(9) 

— 

— 


Tabls I (confd.) 
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First Spark Spectrum o/ Tellurium 

A comparison of the intervals of the deepest terms in tlie iso-electronic spectra 
of Sb 1^ and Tc II and of As I and Se II ® is shown in Table 11* It x^rovides 
strong evidence of the correctness of the identification* The usually expected 
regularity among the term intervals is obvious from tlie Table . 


Tabi.e II 

Term Intervals 


Term Interval ! 

1 

As 1 

Se II 

Sb I 

Te II 


915 ’S 

1483 '6 

2696 ’o 

4295 ’! 


i 287'8 

19207 

23874 

33537 


1469’6 

24597 

24000 

3870 -J 


461 ’2 

858 

2 o 68'8 

/ 4180 


322*3 

616 

1341-6 

2733 


2377 

222*0 

—1341 ’8 

-1541-7 
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IN THE SPECTRUM OF BROMINE 
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Plates XIV and XV 

ABSTRACT. Using a Fabry-l’erot F, talon in conjunction vvitli n Ililgcr Quartz I/ittrow 
Spectrograph the wave-lengths of nine lines in the spectrum of nroniinc II have been measured. 
Vacuum Copper Arc lines A\ 5153.235 and 465 t.i 2<) have been used as standards. 

The luea.sured lines include the .siipcr-(|innttt 55 ®S-s/> of lir IT. The intervals of the 
5/> *P level are thus determined accurately. 


INTRODUCTION 

Detcnniiiation of the wave-lengtlifi of spectral lines to a high degree of 
accuracy have been successfully carried out by a number of investigators, 
Babcock, Bums, ]\lcLeniian, Meggers, Jackson^ and others u.siiig high resolving 
power appal atus such as the Fabiy-Perot litalon. The fundamental standard of 
wave-length that is almost invariably adopted is that of the red Cadmium Bine 
A. 6438.46^6 and, in terms of this, the wave-lengths of a very large number of Fc, 
Ne, He, lines have been measured iuterferometrically for use as subsidiary stand- 
ards in Spectroscopic work. Besides the use of such measurements as subsidiary 
standards, accuracy in the determination of wave-lengths is highly desirable in 
investigations on the Analysis of vSpectra and the identification of spectral lines. 

In the course of the work on the analysis of the spectrum of Bromine carried 
out in this Baboratory, the need for accurate w’ave-lengths of as many lines of 
Bromine as possible, particularly of those belonging to Br. II, Br. Ill has been 
felt. The present paper deals with the measurement of a few lines, as produced 
in an ordinary vacuum tube and determined by a lo-niin. Fabry-Perot Ktalon in 
conjunction with a Hilger large Quartz Bittrow vSiiectrograph. The general 
procedure and method of calculation followed in this work are essentially the same 
as that of Babcock and of MacLennan and described in detail by the latter,^ in 
investigations on the Auroral Green Bine. 

Theory of the wave-length determination : — It can be easily shown from 
the theory of the Htalou that for two wave-lengths A;t. and A, the difference (?it + ( 5 ; 
in the order of interference for normal incidence is given by ® 
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where v^. and v are the respsctive frequencies and /o-x and /a the refractive indices ; 
m and ^ arc the integral and fractional parts of the order of the interference. In 
utilising this equation, Iwo lines (the wavelengths of which are known by inters 
feroinetric methods) are chosen as standards say and A. From the calculated 
values of the refractive indices for the two lines and the approximate value of ^t, 
the double thickness of the Ktalon, supplied by the manufacturers the value lof 
(m + S) is first approximately calculated. This, however, gives the value of m, 
the integral part of the order of interference accurately. 

To find S correctly, the interference patterns for the tw'O standards aro 
ineasurcd. If dfj and dq be the diameters of any two rings p and q of the system 
formed by the wavc-lcngtli A then a is given by 

^ ^ (2) 

dp — d q 

with a similar expression for coiTcsi)onding to Aj^, 

Then 0 is calculated from the equation 

^ = (a:r”a) or (i ■+ a.,?) ““a. 

'Hence knowing (m + S) accurately, the value of 2t is determined with precision 
from equation (1), 

The wave-length of any other required line can then be estimated from this 
value of 2t from the observations of the fringe i)atturn of that line, using a single 
standard. 

K X r R R 1 M K N 1' A b 



A — Discharge tube 
Lj — Collimating lens 
F — Fabry-Perot Ktalon 
— Condensing lens 
S— Slit of the spectrograph 

Fjqure I: Optical Arrangement 
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PLATE XIV 


F'ig. a 



Fig. a. The patterns of the Vaccum Chopper arc Spectrum. 
Fig. b. Fringe System of % 5153 235 and of ’K ^^^^5 I 124 of the 
Copper arc shown enlarged. 
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PLATE XV 



4348-770 

4816-607 

4785-520 


4704844 
467868 j 

4622 746 


4525-622 

4477 813 


4816-697 
4785 520 

4704844 

4678-683 

4622 746 




5182-363 




Fig. c. Patterns in the Spectrum of Bromine. 
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The general optical arrangement is shown diagrammatically in lignre i. Fringe 
patterns are first obtained for the two lines of Copper \ 5153.235 and A 4651 .124, 
which served as standards^ for determining 2t. These lines arc excited in a vacinmi 
arc with water-cooled electrodes of about 6 nuns. diam. The gap between the 
electrodes is adjusted to be five to seven niiliimeters, during the actual exposure. 
The arc is fed by a current of about 2.5 to 3 amperes from a 220-volt D.C. mains. 
Fight from the arc is rendered parallel by the glass achromatic lens h, of about 
12 cms. focal length and allowed to strike the parallel faces of the ctalon arranged 
immediately in front of it. On emergence from the plate the light is focussed on 
to the slit of the spectrograph by another similar lens of shorter focal length. The 
etalon is so adjusted that the i)attern consists of rings on both sides of the ccnlre. 
With a good alignment of the optical parts exposures of about a minute on Ilford 
special ra])id panchromatic plates gave good pictures of the patterns of the 
Copirer arc lines. 

For photographing the Bromine lines an ordinary di.scbargc tube of the 
H-type is employed. The central capillary portion is aborrt 2 nrnrs. wide and 
r5 cms long. A Imlb at one end of the tube contairrs a small riuantity of crrppcr 
bromide. Periodic heating of the bulb is found irecessary to maiirtain suflicient 
pressure of Bromine in the capillary. The discharge tube is continuously evacu- 
ated by a Gaede tw'o-stage pump connected to it. To irrevent vaporrrs from 
entering the pump, tubes of calcium chloride, camstic potash and phosphorous 
pentoxide are inserted between the prrrnp and the discb;rrge tube. The tube is 
excited by a 1/4 K.W. transformer, the primary being fed by 220 volt A.C. and 
a current of about .6 to .8 of an ampere. The length of the .series .spark gap is 
adjusted for a somewhat low intensity of excitation in order that the lirres of Br. 
1.1 might be emitted strongly. The discharge under these conditions is bluish 
green. Exposures of 2 to 3 hours are given to bring about the fringe pattern 
clearly. In all the above experiments the slit of the spectrograph is 0.29 irrm. 
To identify the lines of Bromine, prelimirrary experiments ai-e made with narrow 
and wide slit widths to photograph the spectra before and after filling the bulb 
with copper bromide, using Fe and Cu arc comparison spectra for purposes of 
ineasureraeut. 

Plates XIV and XV show the fringe patterns of the coirper arc lines 5153 and 
4651 and of those of the lines of Bromine that have been measured in this work. 

The fringe systems are measured with a Hilger photo-measuring micrometer 
reading to .001 mm. The point of intersection of the cross-wire has been set 
symmetrically with respect to the width of the fringe and measuienients are made 
along the length of the diameters of the successive fringes. Each line is measured 
a number of times in the forward and backward directions ; the average of the 
readings as measured on three different plates is finally adopted. The results of 
observation are given in tabular form along with the optical data supplied by the 
makers of the Etalon in the following section. *llie calculation of at and of the 
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wave-length of one of the lines of Bromine are shown in detail as a typical 
illustration of the method. The wave-lengths of the remaining lines wliidi are 
similarly calculated are entered in the table at the end with the other data. Tlic 
last column in this table gives the wave-lengths as determined by the u.se oi the 
second available copper standard to serve as a check on the determination. The 
agreement between the two independently obtained values is satisfactory. 

CAbCUbAl'ION AND RESULTS 

Thickness of the Etalon as supplied by Hilger =9.924 mms. ‘ 

The two Coj>per Arc standards employed have the values, 

^ — 5 i 53-~35 M =i..Si32o I' —19405.290 
^37=4651. 124 /'* = J.5I57^ = 21500.175 

Aju = 0.00349 Ai '= 2094 '5185. 

The mean values of a and obtained from the measurement of the fringe 
systems of two lines are 

a=.989 ax = 1.286 

.297. 

The integral part deduced from equation (i) is 6436. Hence tly; value of. 
the double thickne.ss 2t is found to be 1.9S463. This value is used in the subse- 
quent calculation. 

For the Bromine line the values arc, 

Ax= 48 i 6 . 7 i j«x= 1.51451 v, = 2076 i.o 57 . 

For the Cu standard, 

^=5153.235 ^ = 1.51229 v= 19405.290. 


Approx, 
wave-length 
of Br. lines 

Refr. 

Index 


8 

Approx. 
{ 7)1 + Sf 

Integral 

Part in 

Final 
(m+ 5 ) . 

A»' 

Final Wnvi 

Standard 

^ = 5153 

c-Leiigth 

Standard 
^ = 4651 

5182.36 

J.5I2I2 

1.048 

■941 

333-931 

333 

333-941 

109.065 

5182.362 

5182.363 

4848.75 

1.51427 

1.405 

.416 

3738.688 

3738 

3738.416 

1218.490 

4848.770 

4848.770 

4816.71 

1 51451 

.629 

.640 

4160.484 

4160 

4160.640 

is 355 

4816.696 

4816.698 

4785 ..SO 

1.51474 

.710 

.721 

• 

4576.975 

4576 

4576.721 

i <49 t . o 82 

47855*0 

4785 519 

4704.86 

i. 5'535 

.788 

799 

5679.585 

5679 

5679-799 

1845.401 

4704.844 

4704.844 

467S 6q 

I' 515 S 6 

1 

.9S1 

992 

6045 852 

6045 

6045 992 

1968.256 

4678 681 

467S 684 

4622 .75 

; 1.51601 

1 .278 

.289 

6843.247 

6K43 

6843.289 

2226.869 

4622.746 

4622.746 

4525.60 , 1.5T684 

^■354 

■365 

8276.703 

8276 

8276 365 

2691.117 

4.525-623 

4525.622 

4477 .,80 

CM 

r .. 



T.528 

•539 

9005.736 

9005 

9005.539 

2927.043 

4477-813 

4477 ‘fiiS 
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Mean values of a obtained from measurements on the diameters of the 
fringes are 

for the Cu standard .gSg 
for the Br line = .629 

8 = (i +a.r) “-a= .640. 

The integral part m from equation (r) is 4160. 

Hence Av- 1355.818 cins.“^ 


and A = 4816.696 A,U. 

The value of same line calculated with the other Copper standard is found 
to be 4816.698, agreeing very closely with the above. 

The above table gives the data obtained with the other lines. The above 
iiieasuremcnts include those of three lines AA 4816.697, 4785.520, and 4704.844 
which form the combination 5.v^S2“-5^‘T 1,0,;^ of Br II as identified by Bloch. ^ 
The intervals are thus known now accurately to be ’’Pi - i35*2o, and 

•‘’p2-^''P:^ — 35S.27 cms.“' 


The author is indebted to Dr. K. R. Rao for his interest in the work. 
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STUDY OF THERMAL NEUTRONS IN THE ATMOSPHERE * 

By S. D. CHATTERJEE 

(Received )or publicaiioii, Septembn j;, ig.fo) 


ABSTRACT. The intensity of thermal ncutions in the atmosphere has been ineasured 
at the sea-levcl fCakntta 70 ft.), and at a higher allilnde (Darjeeling 7000 ft.), using a boron- 
lined proportional counter. A preliminary niea.suiement ol the .size-fncpiency distribution ol 
tlie energies of the disintegration ijartieles from boron by the action of atmospheric neutrons 
lias been carried out at the higlier altitude with a boron trilluuride ionisation chamber 


1. 1 N T R O D II C T I 0 N 

Various itivesligalors have reitoiTed the existence of neutrons associated 
with cosmic radiation, botlr at sea-levei and at higher altitudes. Locher and 
Ruinbaiieh^ sent up photogiai)hic films coated with paraffin during stratospheric 
lliglits. They observed proton tracks in the photograpliic emulsions, which 
they believed to have been caused by protons knocked out of parallin by neutrons 
iu the cosmic rays. Iv- Schopper* made a similar observation. Recently, W. 
Heitler^’’* and his co-workers have investigated the nature of the radiation 
producing heavy cosmic-ray particles by means of the photographic plate kept 
exposed at Jungfrau joch under different thicknesses of lead plate. They come 
to the conclusion that there are at least two components in the cosmic radiation 
producing heavy particle, the first of w'hich is very little absorbed iu lead and 
consists very probably of neutrons. The other has a transition curve in lead 
very similar to that of the soft component of the cosmic radiation (electrons 
and light quanta). K. luinfer,’'^ using a boron-lined proportional counter and 
a jiroportional amplifier, determined the neutron intensity at the .sea-level and 
reported a rapid increase of this intensity with elevation ui) to the top of Zugspitze, 
2650 metres, corresponding to 7-5 metres of water. V. Halban, Kowarski 
and Magat,*" measured the neutron intensity at higher altitudes, by studying 
the radioactivity induced in bromine to altitudes of about 3 metres of water. 
Recently, Korfif" has developed new G.-M. counter methods for detecting 
thermal neutrons in radio-recording unmanned balloon flights, attaining a 
maximum altitude of i metre of water. For the detection of slow neutrons, he 
used argon-boron trifluoride mixture, which has got the special property of 
producing big pulses, even when the counter voltage is lowered about 200 volts 

* Communicated by the Indian Physical Society. 
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below tlie thrCvShold. C- Cr. Montgomery and D- D. Montgomery® used an 
ionization ciiamber, enclosed within a glass envelope and filled with BF3 gas 
at about the atmospheric pressure. The alj)ha-i)articles resulting from the 
(??, a) .J^i" reaction produced voltage pulses which were recorded as 
galvanometer kicks in a photographic paper. The size-frequency distribution 
of the pulses was recorded. So far it was assumed that the disintegration of 
sB^^^ by slow neutrons took place only according to the reaction (n, a) alyi^, 

but recently Fisk and Maurer/^ by means of detailed investigation have shown 
that another energetically possible reaction (??, p) ..Be*^^ also occurred. | 

The iiresent experiments were undertaken with the following objects \n 
view : \ 

(i) to determine the intensity of thermal neutrons at the sca-level and its 
variation with higher elevations, \ 

iii) to study the energy-spectrum of the ])arlicles produced during the 
disintegration of lioron by slow atmosplieric neutrons at high altitudes and to 
compare the results obtained with those of Fisk and Maurer. 

The investigations are being continued, here a report is given of the preli- 
minary resulis cd)taiiied. 

0 

IT K X I» K R 1 M K N 1' A h 1\I K T H O T) vS AN D R R vS U L T S 

Two different sets of experiments were undertaken for the above {iurposes : 

(i) The neutron intensity measurements at Calcutta (height 70 ft.) and 
at Darjeeling (height 7000 ft., eciiuvalent water depth 8*1 metres from lop of 
atmosphere), have been done with a boron-lined proportional counter tube and 
a proportional amplifier. It is proposed to extend the measurements to higher 
altitudes. 

(//) Frclimiuary measurenients on the energy-spectrum have been made 
only at Darjeeling with an ionization chandler filled with boron trifliioride gas 
and a linear am])lificr, 

r R 0 ru) R T 1 0 N A k C ( ) U N T h R T V li H IMF T HOD 

The counter lube consisted of a brass cylinder of thickneSvS 1-5 mm., internal 
diameter about S cms. and effective length 48 cms., with a central thin tungsten 
wire. The end-pieces consisted of ebonite plates with central plugs of amber 
and corresponding guard rings. The inner surface of the cylinder was coated 
with a layer of amorphous boron powder of thickness about 3-0 mgm. per cm^. 
Such tubes were filled with argon, argon-tetrachloride and argon-boron trifluo- 
ride gaseous mixtures and the regions of proportionality for the tubes filled with 
the different gas mixtures were investigated. As found out by Korff, the 
sub-threshold region was found to be extremely narrow in the case of pure argon 
but spread over a range of voltage about 80 volts in the case of argon-boron 
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trifluoride mixture over which ionization pulses could be observed. We got a 
plateau extending about 20 volts over which the munber of neutron counts was 
found to be constant. The pressure used was cS cnis. (5 cnis. Bl'.t 1 3 cins. 
Argon) and the voltage applied was about 1000 volts. The collecting electrode 
was directly connected to the grid of a R. C. A. bjyd tube and subsequent 
amplification was done by two other stages of pentodes. A neutron in region 
of boron entering such a counter may cause the d isinteg ration of a jB"’ nucleus 
and the ionisation due to the products will be detected by the inopoitional 
amplifier. The pulses could either be heard in a pair of headphones ca])acita 
tively coupled or recorded as u.sual, in a teiephone-meter. Counts were taUeii 
when the counter with the first vacuum lube was kept inside a metal-lined thin 
wooden box and again when the entire a.ssenibly was placed within a thick 
borax shield. In our case the lesidual back-ground count with the borax shield 
has been found to be very small comj)ared to that found by Funfer with his 
boron-lined ])roportionaKounter This may be partly due to careful polishing 
of the internal surface and partly due to the rather thick internal coating of boron 
(3 mgm./cm.^) which alxsorbed the alidia-particles due to contamination of the 
material of the counter. At Darjeeling the counts were taken at the commence- 
ment of the moil, soon when the humidity was near about too% and so special 
precautions had to be taken to avoid spurious counts due to leakage. 


TAm,E I 



Within 

Without 

Neutrons 


bdicix shiflcl 

shield 

per minute 

Calcnllfl (70 ft ) 

O' 1:5 -fo’o:: 

1-171 0-05 

o't/.> 0'o6 

Darjeeling: (7000 ft ) ... 

0-/] ±0'05 

i 

3-3 + o-a 

1 

3'I ±0-2 


T O N T S A T J O N C II A M H K R M It T IT O D 

An ionization chamber was taken in the form of a thin copper cylinder, 
42 cms. long and 4-8 cnis. in diameter, with a thin central wire as the collecting 
electrode. The whole system was enclosed in a glass envelope and filled with 
boron-trifluoride gas at about 57 cms. pressure. A steady potential of 600 volts 
was slipplied to collect the ions. A linear amplifier, the details of whose 
construction w'ill be described elsewhere, was used for the leqiiisite anqilification. 
The collecting electrode was directly connected to the grid of an electrometer 
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tube. The voltage pulses caused by the disinlegratioii of boron nuclei, were 
observed as kicks in a cathode-ray oscillograph. The lengths of the kicks were 
visually measured with the aid of a ruled transparent screen which could be 
placed against the fluorescent screen of the oscillograph. Kvidcntly the 
nieasurcniciits are not so accurate as those in which the voltage pulses are 
photographicaljy recorded by a loop oscillograph. Two sets of observations 
were taken ; once when tlie ionization chamber wdtli its metal container was kept 
within a iliick borax shield and again when the shield was removed. Tli^e 
difference gave the nuiiil)er of disintegrations of boron nuclei produced bk?' 
atmosplieric neutrons. Our ionization chamber being rather small in size, the 
sea-level intensity cannot be determined w ith ])recision. Use has been made of 
the sea-level data for neutrons obtained Iry INlontgomery and Montgomery using' 
a larger ionisation chamber. Table 11 gives the neutron intensity as measured at 
Darjeeling with the ionization chanibcr. 


Taui.K II 



Within 

Will lout 

Nrutrojks ])er 


1)01 MX .sllicld 

shiild 

iruyulc 

Darjet'ling (7000 ft'.) ... 

i'37±f'5 

3 'Ko +()-22 

2 43+0‘2S 


From Table TI we find that the number of counts due to slow neutrons is 
(2.43 + 0.25) X 60=1^5.80 + 15 per hour, for an ionisation chanibcr with an effective 
volume of 765 cms. and containing IIF:, gas at a in’cssure of 57 cms. To compare 
the relative intensity of the slow neutions at Darjeeling and Calcutta, w^e proceed 
as follow's : 

If ri is the number of counts per second of such a counter m the - region, ii 

V 

is given by 

n = pcTji Tn . Td V . 

wdiere is the capture cross-section of for neutrons of velocity Te. 

N is the lyoschmidt number. 

pn is the pressure of BF3 in the counter. 

V is the volume of the counter in ccs. 

p is the density of neutrons per cc. of all velocities within the energy 

range for which ^ law holds, 
a' 

We give below in Table HI the data for neutron counts obtained by Mont- 
gomerys and ourselves, 
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Table III 


Inrestigator 

! 

Altitude 1 

Volume of 
ionisation 
counter in ccs. 

I 

' l^res.surc 

cms. 

No. of counts 
per hour. 

Montgomery and 
Montgomery® 

sea-level 

1540 

74 

91 ±7 

Author 

S-i metres of 
water. 

765 

57 

146 ±15 


Converted to tlic pressure and volume used in Montgomerys’ investigation, 
our No. of counts per hour comes to about 38S, and the ratio of the counts at 


Darjeeling _ ^ 2. 

Calcutta t)i 

Figure i depicts the size-frequency distribution of the energies of the dis- 
integration particles from boron by the action of atmospheric neutrons. It is the 
difference between the size-frequency distribution curves of tlie piarticles when the 
ionization chamber is shielded W'ith borax from that wdien the shield is uncovered. 



Figure i 

Comparison can be made with the energy-distribution curve found by Fisk 
and Maurer of the disintegration products of boron due to slow neutrons. The 
positions of the maxima found by them are at 0.4, 2.3, 2.5, 3.5 M. eV. and 
minima at 1.5, 3.2, 3.7 M. eV. Our energy-distribution curve is roughly in 
agreement with the above, only we have another maximum near 4.0 M. cV. 
According to the above investigators, the first maximum is attributed to the 
emission of protons, due to the process f’)4Bel", and other maxima are 

due to the emission of o-particles according to the reaction 

4 
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Further investigation is proceeding with a loop oscillograph for photographically 
recording the amplitude of deflections in place of visual observations with a 
cathode-ray oscillograph. 

DISCUSSION OF RESULTS 

We find the ratio of the intensities of cosmic-ray neutrons with the — range of 

V 

boron for the elevation of Calcutta and Darjeeling (8 i metres of water) comes put 
to be 

(i) with proportional counter = ^3.4 and \ 

.92 

(it) with ionisation chamber taking Montgomery and Montgomery's read- 

.jOO 

ing at sea-level, ~ — 4.2. 

91 

According to Korff, the ratio of the neutron intensity at altitude 8.1 metres of 
water to that at sea-level is about 3.9, which is comparable with our results. In 
our experiments we think our result with the ionisation-chamber counter to be 
more accurate than the result obtained with the proportional counter. 
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ADSORPTION OF MOISTURE FROM THE MOIST 
AIR BY THE SOILS 

By L. D. MAHAJAN, M.Sc., Ph.D., F.Inst. P. 

Mahenclra College, Patiala 

{Received for pnbUenfion, Septemho lo, 

ABSTRACT. A has been devised to stu'ly the adsorption of nioislme from 

(he moist air by the soils inside the laboiatorv. Vaiiuns factors which influence such adsorption 
have been studied and the following rc-sults are oblaitied 

(i) 'The adsorption of moisture from the iiKu’st air by the soils increases with the increBvSe 
of range of humidity. It is comparatively highei in the beginning than in the end. (2) The 
rate of adsorption of moisture from the moist air increases with the increase of thichness of 
of the layer of the soil up to a certain limit depending upon the quality of the soil. This 
rapidb decreases with the depth of the layer from the upper expOvSed surface. I3) Adsorption 
increases w ith the time but the late of adsorption is high in the beginning and regularly 
slaekens on as the time elapses. It is proportional to the loganTbm of tlie time i‘xpu.sure. (^) 
Adsorption decreases with the size of the particles or groups of paiTiclos (clods) and their 
proportion in the soil. (5) Adsorption depends upon the physical and chemical constituents 
of the soil. 

The discussion of each factor is given in detail. 

I N T R 0 D U C T 1 C) N 

Much work has already been done on the soil iiioislure in the past. In 
1934, If. A. Raindas and M. S. Kati ^ showed that the phenomenon of the eva- 
poration of moisture from a soil surface coutainiiig only liygioscopic water and 
the reverse phenomenon during night exert a controlling influence on the dis- 
tribution of moisture with height in the air layers and tliat during the evaporating 
regime the pressure of the water vapour decreases with height, whereas during 
the adsorbing regime the pressure of the water vapour iiici eases with height, 
lu 1936, they 2 studied the diurnal variations in the moisture content by two- 
hourly measurements with representative soils from different parts of the country, 
the soils being exposed under identical conditions in the Agiicultuial Meteoro* 
logical Observatory at Poona. The moisture content of the surface layers of 
the soil in the bare ground of the same observatory were also measured. Experi- 
ments on the adsorption of moisture by dry soils and measurements of various 
related physical properties of typical soils were also made. In all these cases, 
the soils have been used as they occur, i.c., without separating them into their 
components by mechanical or chemical analysis, and the meteorological aspect 
has been kept in the fore-front. 
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In ordei- to study the above, the above-mentioned workers and othei>. used 
such methods where the samples of the soils were kept either outside i). pit 
open field or inside the louvered screen. In both these methods the expej n.uuis 
were intended to reveal the phenomenon of adsorption and desorption of iii(,isiurc 
uuder actual field conditions. 

But these methods, from the point of view of a physicist, cannot be 
for tlie general study of adsorption of moisture from the moist air by the Mills, 
as in both of these methods, the variation of luimidity is at the mercy of tlic 
weather and observations have to be e:x tended over a long period, olliernisc j 
great range of variation of hnniidily is not possible. The humidity cannot be 
kepi cojistaiil for any length of time. Besides tliete is possibility uf tliisl oi 
fine iiarticles of dust nfiiicli are more or less always haugiiig- in the air, depositing 
on the sanii)]e^ of the soils. 

In Older to avoid these diniculties, the author ^ has devised a simple appaia- 
tus by wliiJi the humidity can be varied within a great raii^e, even fiuin o to 
100 % quite easily and it can, if desired, be kept coiislaiit for any length of time. 
The possibility of the dust particles depositing on the samples of the soils is 
completely avoided. 

With this apparatus, the adsorption of moisture from the moist air by the 
soils and the exchange of moisture between the earth and the air has been studied 
in this lubunitory, Tlic eiJects of tlie humidity of the air, the thickness of the 
layer oi the soil, the lime for wJiich the soils are CA’2:)osed to the moist air, the 
size of the particles of the soil, the quantity of the clods in the soil, and the 
physical and chemical constituents of the soils on the rate of adsorption of 
jijoisluie I)y the soils lias been studied and the relations which exist between tlieni 
have been traced out in the following lines. 


1' II u A r P A R A T a vS 

111 this apparatus, the use of Professor J. B. vSeth's method^ for production 

of a ennent ol diy or moist air of any desired percentage of humidity has been 
used. TJie cinrents of dry or moist air of suitable vStreugth are sent into a 
chamber and any constant liunijdity is regulated. A small quantity of the soil 
in a dish is kept inside if at almost normal pressure. After keeping it there 
for sojiie definite lime, it is removed and weighed and its hygroscopic or adsorp- 
tion [)o\ver is calc ulated. The pressure inside it is kept constant and is measured 
vvilli a mercuiy manometer. This chamber is connected with another similar 
cluimber wliich in iui'ii is connected with an exhausting pump or an aspirator. 
Thus the effect of rapid flow of air due to the exhausting pump or any other 
devise is avoided. In order to record the humidity, a well-tested and calibrated 
hail hygrometer is kept hanging in the first chamber and for its varification a 
wet and dry blub hygrometer is kept in the second chamber. 



Absorption of Moisture from the Moist Air hy the Soils 443 



Consiruclion : — The details of the api>aratus are shown in fig- i (line sketch), 
w here V,f and V, are two-litre capacity bottles conlainiiif; pure water and strong 
sul[)huric acid respectively, in a mercury manometer, and 1* a double-action 
exhausting' pump. "Vn and are tvvo glass chambcis without bottoms- At 
their bottoms arc placed two separate glass plates with rubber discs on them 
which make them fairly air-tight. There arc two tubes opening inside the vessel 
V„, one being ail inlet from the soul ce for a current of dry or wet air and the 
other an outlet for the enclosed air to the exhausting inniip or an aspirator. 

and Tw are dry and w'ct bulb thcriiiometeis. a, b, c and d aic four glass 
traps on both sides of the liciuiil bottles in order to avoid the flow of the liquids 
on either side. Ti, Tj, T3, T .1, T.,, T(,, and are stop-cocks fitted at various 
places to control the current of air and are used according to the needs. 

Working -. — The double-action air imiup is worked so as to create a low 
pressure in chauibei Vo- This causes a cm lent of air to Ilow from outside 
through any of the liquids in the vessels and V ,. this cm rent of air passes 
through the chamber Va after affecting the pressure of the mercury manometer 
on its way and fills the low-pressure space in the chamber V*. If an aspirator 
is used instead of the exhausting pump, a regular current goes on flowing in 
from outside to the chamber V 0 and also affects the humidity of the air inside 
the chamber W. If humidity is to be decreased, T^ is opened and T, is closed, 
or if humidity is to be increased, is closed and Ti is opened. In the former 
case the current of air while bubbling through sulphuric acid is devoid of its 
moisture and lowers the % humidity, while in the latter case the air when bubbl- 
ing through water carries moisture with it and increases the humidity. If a 
current of air is regulated any constant humidity for any length of time can be 
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arranged inside the chambers. Having known the weight of the empty dish B 
and of the soil in it before placing it inside the chamber and after exposure to 
the new humidity for any definite jieriod of time^ the increase or decrease in 
weight of the soil for the corresponding variation of humidity can be known. 
The dish can be taken out of the chamber by removing the bottom plate from 
below. 


OBSERVATIONS 

With a few samples of soil taken from the Botanical Garden of this collegei 
several observations have been taken. The effects of various factors which ini 
fluence the adsorption of moisture from the moist air by the soils have been » 
studied with these samples and a few sets of observations are given below : — 

I. HUMIDITY OF T II K SURROUNDING MR 

For this purpose a flatdjottomcd dish having cross-sectional area io’36 sq. 
cnis, was filled with a fine soil having layer of thickness 20‘6 mm, and was 
exposed to the moist air of various humidities for a constant period of time 24 
hours. The increase in weight for the corresponding increase in humidity was 
determined iu each case. Several sets of observations were recoided and a typical 
set of observations is given below. 


TABtH I 


Kind of soil : fine 


No. 

Initial wt, 
iu gm. 

Final wt. in 
gm. 

Initial % 
Humidity 

Final % 
riuiiiidity 

Increase in 
% Humidity 

Increase in 
wt iu gm. 

I 

61-7135 

617635 

18 

22 

4 

0 0510 

a 

• p 

61 -8020 

PI 

28 

10 

00895 

3 

If 

61 '8955 

1 1 

42 

24 

0-1833 

4 

II 

61-9600 

Ip 

55 

37 

0-2475 


•• 

61-9750 

pp 

59 1 

41 

0*2625 

6 

II 

61-9945 

IP 

64 

46 

0-2S20 

7 

»i 

62-0005 

pf 

80 

62 

0*2880 


The above observations are also shown by a curve iu fig. 2 which indicates 
the behaviour of the fine soil with the increase of humidity of the surrounding 


air. 
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Some sets of observations were recorded with the sandy soil which contained 

about 95% of pure sand. The surface area exposed to the moist air, the thick- 
ness of the layer of soil and the time ofexposure were kept the same as in 
Table I, A set of such observations is recorded below : 


Table II 


Kind of soil : sand 


No. 

Initial wt. 
in gnis. 

Final wt. in 
gins. 

luilial % 
Humidity 

F'iiial % 
Humidity 

Increase in 
% Humidity 

Increase in 
wt. in gni. 

I 

82-9550 

82*9560 

20 

26 

6 

0-0010 

3 

f9 

82-9580 

20 

28 

8 

0*0030 

3 

»l 

82-9635 

24 

36 

12 

8 

6 

4 

tf 

82 9660 

20 

37 

17 

0‘0II0 

5 

II 

82-9815 

20 

55 

35 

0*0265 

6 

II 

82*9820 

20 

64 

AA 

0-0270 


The above results are also shown by a curve in fig. 3 which shows the 
behaviour of the sandy soil with the increase of humidity of the surrounding 
air. This soil being almost a sand has veiy little power of adsorption of 
moisture from the moist air, however for a longer period it may be kept exposed 
to itr 
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Figure 3 


Botli tht: alxwe-mentioiiefl curves are of the sam e shape and indicate that 
the adsorption of moisture from the moist air by any kind of soil increases with 
tlic increase of relative humidity of the surroundin^i air. The rate of incicase in 
weiftht, i.t\, the adsorption of moisture is comparatively high in the beginning and 
slow later on. Tims it is evident that the rate of adsoiption of moisture slowly 
decreases with, the increase of relative humidity. , 

2. T II T C K N E S S OF T IT K LAYER OF SOIL 

The effect of the thickness of the layer of the soil was studied by using the 
same llat-bottonicd dish of glass having cross-sectional area lo'sb sq. cm. Time 
exposure (two hours) and the range of variation of relative humidity (60 to 80%) 
were kept constant and the thickness of the layer of the soil was varied. With 
this arrangement several observations were recorded. A set of observations is 
given below in table HI. 

Table III 

Kind of soil : fine ~ 


No. 

Initial wt. in gnis. 

Final wt. in gnis. 

1 A. .... 

Thickness of layer of 
.soil in mm. 

Increase in wt. 
ill gm. 

I 

8'305 o 

8’337 o 

3-0 mm. 

0*0330 

a 

ai‘8630 

31-9310 

7’2 

o'o68o 

3 

35'4335 

35‘50JC' 

ii’S „ 

o'o775 

4 

61-9750 

62 '0550 

206 „ 

o'ofioo 

5 

86-0755 

86 '1660 

28-6 

o'o905 

6 

133*0685 

1 33 '1605 

■M‘3 .. 

o’ogao 
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The above results are also sliovvu by a curve in fig - ^ which represents the 
variation in adsorption with the thickness of the layer of the soil. The amount 
of moisture adsorbed by any kind of soil increases with the thickness of the layer 
of the soil up to a certain limit which varies according to the quality of the soil. 



hhouRE A 

The upper layers adsorb much more nioivSture than the lower layers of Die 
same thickness. The rale of adsoiqilion rapidly goes on deci casing with the 
depth of the layer from the upper surface which is exposed to tlie moist air 
directly, and it is self-evident from the ciuve itself. Ihe following data is 
deduced from the same curve : 

The iucrease in weight for 3 to 10 nun. layer is 0'0.^2 gm. 

JO to 20 mm. layer „ 0 011 gm. 

20 to iinii. layer „ 0-005 gin. 

II »l ** 

w to 40 mill, layer ,, 0 0015 gm. 

J| l| 11 iJU ^ 

The layer which is at a depth of 3 mm. from the directly exposed surface and 
7 mm. thick adsorbs 0-042 gm. of moi.sture from the moist air while a layer 
which is at a depth of 10 mm. from the exposed .surface and 30 mm. thick 
adsorbs only o-oii gm. Similarly a layer which is at a depth uf 20 mm. and 
10 mill, thick adsorbes 0 005 giiis. and a layer which is at a depth of 30 mni. 

and 10 mm. thick adsorbs oaly alajut 0 0015 sm. which is .icghBible. Ihus 
it is quite evident that Itcyond a depth oi about 4 mni. almost no effect of adsorp- 
tion is notioeable. It is merely the superffcial layer whioh can adsorb tb. 
moisture from the moist air and very low layers remain quite unaffected. 


3. TIME 


The effect of time on adsorption 
studied with the same apparatus. 


of moisture from the moist air by .soils was 
The same flat-bottomed dish of glass, having 
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crosss-sectional area 10-36 sq. cm. was used. The range of variation of humidity 
(50 to 65%) and thickness of the layer of fine soil (44*3 nmi.) were kept constant, 
while the lime period for which a sample of soil was exposed to the moist air 
was varied. Several sets of observations were recorded and one of those sets is 
given below 

Table IV 
Kind of soil : fine 


No. 

Initial wt. in 
gni. 

Pinal wt. in 
gin. 

Time of exposure 
ill minute.s 

Logarithm of 
time 

Increase in wt. 
in gm. 

1 

132*7^25 

133 '83 05 

T2 min. 1 

I 0792 

0*0580 

a 


132 '8285 

1 

]8 „ 

i‘25S3 

o'o66o 

3 

n 

I 32‘8375 

30 .. 

^■4771 

0 0750 

4 

11 

133*8695 

66 .. 

1*8195 

0*1070 

5 

II 

i 32 ‘S 7'15 

120 „ 

2 0792 

O*JI 20 

6 

II 

T32‘88i5 

180 „ i 

i 

*’’2553 

0*1 190 

0 


A curve (fig, 5a) has been drawn showing the relation between the increase 
in w^eight of the soil due to adsorption of moisture from the moist air and Ihe 
time in minutes. This indicates that the amount of adsorption increases w ith 
time but the process of adsorption is rapid in the initial stages and slackens on 
as the time elapses. In other w^ords the rate of adsorption decreases with time. 



Figure Figure 5(b) 


The study of the relation between these two variable factors shows that if a 
curve (fig. 5b) be drawn between the logarithm of time and increase in weight 
of the soil a straight line is obtained, which leads to the conclusion that the 
amount of moisture adsorbed from the nioist air by the soils is directly pro- 
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portional to the logarithiii of time for which the soil sample is exposed to the 
moist air. Thus the relation is logarithmic, 

4 . vS T z r: o F 1' n k far i' i c l E vS 

In order to study the effect of the size of the jiarticlcs and groups of particles, 
I.C., clods of the soil on the adsorption of moisture, the same Qat-hottomed dish 
was used. The range of variation of humidity (Fo to qo%) and the thickness of 
the layer of the soil (]6 mm.) v\'ere kept constant. Two samples of the soil were 
used, one being in its natural condition having a large number of thick particles 
of soil and clods and the other being a finely ])0\Adercd soil obtained from the 
natural soil by grijiding it. The following sets of observations were recorded : 


Tabek V 


No. 

Kind of Mill 

Initial wt. in 

1 giu 

1 

Final wt. in | 

Time of expo- 
sure 

Inerease in wt. 
in gm. 

1 

riiK:ly powdered 

81*9825 

82*0025 

6tJ min 

O'O20C; 


Natural 

79 ’ 339 C 5 

79 ‘ 345 o 

•• 

00060 

2 

Finely powdered 

i 81*9825 

82*0735 

24 hours 

0*0910 


Natural 

7 y’ 33 yo 

79-3980 


0*0590 

3 

Finely powdered 

81*9825 

82*0695 

20 hours 

0*0870 


Natural 

79 ' 339 ‘^ 

79-3900 


0-0510 


The above observations show' that the adsoiption is much smaller in natural 
soil than in finely powdered soil. In other words, the amount of moisture 
adsorbed from the moist air decreases with the increase of size of the particles 
3nd groups of particles (clods) and also their proportion in the soil. 

The reasons for less adsorption in the natural soil possibly appear to be that 

(7) less surface is exposed to the moist air when theie are laige-sizcd pai titles 

and clods in the soil and (n) the capillary action is much smaller in this case as 

the interspaces between the particles become large due to large size of the 
particles. 

5. CHEMICAL AND PHYSICAL C O N S J 1 1 U N T S 

The comparison of observations in tables I and IT shows that the adsorption 
of moisture from the moist air is much more in fine clay soil than in the sandy 
soil If the quantity of sand in any soil increases, the amount of adsorption 
decreases in the same ratio. The rate of adsorption of moisture from the moist 
air also depends on the chemical constituents of the soil. 
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R TC S V h T vS 

The followinf^ results have been concluded from the study of various factors 
innueiiciiig adsorption of moisture from the moist air by the soils ; 

1. The adsorption of inoisture from the moist* air by the soils increases 
with the increase of range of humidity, ll is comparatively higher in the begin- 
ning than in the end. 

2 . The rale of adsorption of moisture from the moist air increases with the 

increase of thickiiCvSS of the layer of the soil up to a certain limit depending upbn 
tlie quality of soil. This rapidly deexxases with the depth of the layer from the 
upper exposed surface. \ 

3. Adsorjition increases with time but the rate of adsorption is high in the 
beginning and regularly slackens on as the time elaiises. It is proportional t^^ 
the logarithm of llie time of exposure. 

4. Adsorption decreases with the size of the ixarticlcs or groups of particles 
fclods) and tlieir proportion in the soil. 

5. Adsorption depends upon the physical and chemical constituents of 
the soil. 


CONCLUSIONS • ‘ 

The above-mentioned results throw light on the work done in the past. The 
study of tlie comparison of hygroscoixic x3roperty of the Patiala soil with other 
Indian soils and the effects of other influencing factors on them is in progress in 
this laboratory and shall be published in due course of time* 

The author is indebted to Ilis Highness's Government, Patiala, for providing 
facilities to carry out the above work in the Research T^iboratory of the Mahendra 
College, Patiala, My grateful thanks arc due to Dr. D* A. Ram Das, Agricultural 
Meteorologist of tlie India Meteorological Office, Poona, for providing me with 
some of his researcli papers and of various others for reference use only. 

Physics Rksiwkcii bAnoKATORV, 

Maukniiua CoriKc.r,, PaTiaca, 
pATlAtA STA'J'K. 
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PENETRATION OF THIN IONOSPHERIC LAYERS* 

By a. C. deb, M.Sc. 

Ghose Research Scholar in Physics, Calcutta University 

ABSTRACT. Reflection cociricieiit of a thin ioimsplicric region, liaving pavaholie ionisation 
gradient, has been deduced by adapting the 11 . W. K. method of cutnpiilntion as applied in 
the rase of a parabolic potential barrier. It is found that the reflection co-ellicient of sucli a 
region is -5 and nol zero at the so-called critical fri‘c|iiency. 

Two curves, one for the E- and the (jther for the T-region have been drawn depicting 
the variation of reflection coellicient with frequency It is found that the transition from 
complete reflection to complete penetration tahe.s place more suddcnlv for Region E than for 
Region E Complete penetration is chi-cted when A// approximately 50 for Region 

EJ and 30 for Region E\ (/q critical frequency , A/ departure of wave frctjuency from /q). 


introduction 


According to the Kccles-Lannor forniuki llie refractive inde.v /< of an ionised 
gas is given by 





(i) 


where N is the electron density and i> the pulsatance of the wave. 

It follows that a wave of frequency / incident vertically on an ionosiihcric 
region of luaxiinuni density N„,„x will either be transmitted or totally reflected 
by the layer according as / is greater or less than 


fo~ 


Nmaxf^ ^ 
Ttm 


(2) 


Now ill actual experiment it is found that the .same wave is reflected both 
from Regions E and F. This means that there is not total but partial reflection 
from Region E for frequencies not far removed from the critical frequency. 
This anomalous result can be explained if it is remembered that the ray 
treatment of geometrical optics— after which the reflection and penetration 
condition (2) has been obtained— ceases to be valid when / approaches h. This 
is because ’ when /r— >0 the wavelength A— >go and, it is well known that 
simple treatment of geometrical optics fails when the refractive index of a medium 

varies appreciably in the distance of a wavelength. The case of the penetration 
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of an ionospheric region, by exi^loriug waves of frequencies near the critical 
frequency has therefore to be treated according to wave optics rather than 
according to geometrical optics. 'I'his has been done by several workers^ 
and among the recent ones we may mention the work of Saha and Rai. 
These authors have adapted the famous tieatinent of Gamow on calculation 
of the transparency of the potential Iiarrier surrounding an atomic nucleus 
to the prol)lem of piopagatioii of electromagnetic waves through an ionospheric 
"electron-barrier." For numerical calculations they have assumed a line|ar 
gradient (the outline of the barrier being in the form of an isosceles triangle) 
and obtained the interesting result that "the amount of energy transmitted 
falls to half its value for the assumed form of the banier and for a gradient of 
electron density characteristic of F layer, if the half breadth of the barrier 
about i‘5 km." 

Recent observations show that, though the complete form of the electron 
barrier may not have any simple gcomettic form, the portion of it near the 
xnaximum electron density (which is determinative of the penetration frequency) 
has the simple form of a parabola. The transparency coefficient of a potential 
barrier of this form has already been calculated in quantum mechanics by the 
well-known B. W. K. method and in the present pa])cr this metliocf has been 
adapted for determining the reflection co-efficients of ionospheric regions having 
distribution of electron density of similar form. 


DISTRIBUTION O F b E C T R O N DENSITY 


It has been shown by Appleton"^ that according to Chapman's theory of 
ionised region formation by the action of monochromatic radiation, the electron 
density N at any level is given by 




I 


Z2 

4ir2 


(3) 


where Z is the distance of the level meavSured from the level of maximum ionisa- 


RT 

lion and H = ■ - tlic " scale height ” for the region. This relation is valid for 

Mg • 

I 

values of Z up to Z = H. 

'I'he distribution of N with height is thus parabolic near the level of 
maximum ionisation. 


This conclusion has also been confirmed by experiments of Appleton.'' 
He compared experimental P'~f curves with those obtained by theoretical 
calculation made on the assumption of a parabolic gradient and found that the 
two curves are in substantial agreement. 
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calculation of t hr r k f l r c t ion cob f f r C I b n t for 

A PARABOLIC GRADIKNT 


The equation of a plaue wave in a medium of refractive index /a is given by 



where A is the wavelength in vacuum. 

For an ionised layer, the refractive index of a wave of pulsatance p is given 
by equation (i). 


If the ionosphere is hoiizonlally stratified and the c-axis is taken in the 
upward direction then the equation for vertical propagation becomes 


/ 27rV/ 



The wave-length in the medium is no 

being equal to . Putting 

fX c 


longer constant and varies as N varies 
and ^ have 

7 ri 


du^ 




(4) 


The above equation is for a field-free space. If there be a magnetic field, the 
equation is profoundly modified. The refractive index becomes comi)lex and 
is given by tlie well-known Appleton-Hartrec formula. In this case the action of 
the terrestrial magnetic lield may be eliminated by a suitable choice of the 
direction of propagation of the wave. If the pro[)agatioii be in a vertical plane 
in the magnetic equator and the direction of the electric vector of the wave is 
parallel to the magnetic lines of foice then the oscillations of the electrons and 
ions due to the passage of the wave arc not affected. Hquation (-i) can therefore 
be applied for the ionospheric exploration by vertical propagation near the 
magnetic equator when the wave is plane-polarised with the direction of the 
electric vector north-south. 

Now, making the substitutions 




NiBai“ 


VlPttltkT 


4 vre* 


aud 


z — culp, 
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in equation (3), we derive the relation 

i)2 HV 

= %-a2M» ... (5) 

which also is an equation of parabola corresponding to equation (3) wjith 
as the laUis-rectuni. 

vSubstitutiiig the value of pf)lp^ in equation (4) we get the relation 

\ 

du^ 

" where 

The solution of this dilTerential equation giving the equation of reflected 
and transmitted wave has already been obtained by Kemble with the help of 
the B. W, K. approximation functions and Krammer’s connection formula for 
the passage of V'-waves Ihrougli a potential barrier of parabolic form. Cones- 
ponding to the dci)endence, in (luantum mechanics, of the refractive index of 
the i//-wavcs upon the polciilial, we have the dependence of the same, for the 
radio-waves in ionosphere, upon the electron density N The potential baiiier 
for i^-wave thus corresponds to ‘‘electron-barrier " for ladio-waves. 

Without going through the calculations we can therefore write out at once, 
after Kemble, the expression for T, the transmission coefficient of the radio- 
waves through the electron-barrier. 

For /</o 


where 


and 


T= 


I H- c 


2 A > 





£= hj O. U. 


( 6 ) 

(7) 


The limits Ml and wg are the values of u where the line pnlP^ = i cuts the 
electron -barrier. The significance of these limits will he readily understood from 
ft reference to Fig. I. «j represents the distance measured downwards in the 
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a — - 


Figure i 

ionised layer from the level of iiiaximiini ionisation, to the point to which the 
wave of frequency p would penetrate according to the ray treatment. In 
other words, Uj marks the position of the level at which total reflection ought to 
take place. The wave treatment shows, however, that a fraction of the wave 
will be transmitted beyond this level and this fraction is given by equation (6). 
Ill order to cvalute T we have to find the value of the integral (7). If we lake 
the point where the line Polp^ = J cuts the axis of the parabola as origin, 
equation (5) may be written as 


Hence 





where uo = ui =U2 is the half-breadth of the barrier. 


Or, since Wq* is equal to 


p2^ 


X 


08 


f 


K = a 





/!?-/“ 

/ 


For any particular value of H, K can now be calculated for various values of 
A// V/o and the transmission coefficient detemiined therefrom. Fig. a shows 

6 
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how reflection coefficient — T -T) varies with the departure of the exploring 
fiequeiicy from the critical frequency' /o. The values of assumed for the 
calculation, are I j ’4 km. tor l{-region (curve AB) and 50 km. for the •P-region 
(curve AT')- It shows how the reflection coefficient varies when the frecjucncy 
of Uk exiiloring waves is decreased below the frequency of penetration. 

For />/o, that is, for the case when the exploring wave frequency is 
indciiscd abi)vc the penetration frequency, we are required to find out the value 
oi ii() ^vhen In this case the line cuts the parabola in two 

iiiKiginary points, Uq being then imaginary, is real and negative and So 
also K = Instead of (6) we now have 


and the portion of the curve in Fig. 2, depicting the variation of A// V/o with R 
for the case /> /o, can therefore be obtained by simply plotting R for A/ 
negative. 


CONCI,U>SION 

From the curves in Fig. 2 it is seen that the reflection coefficient is not zero 
for the so-callcd critical frequency. For the two cases considered it becomes so 
only when the frequency has been increased above the critical value by about 
50 and 30 times of the square-roots of the critical frequencies. This shows that 
the reading of critical frequency from the P'—/ curve in the usual way, Ic., by 
noting the freeiucncy at which reflection from the ionised region ceases, entail? 
a certain percentage of error, ? - ■ 
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A comparisou of the two curves, for kra. and for Tl-50 km. 

rcpreseutiTig U- and F-rcgions respective!}^, sliows that for a region which is more 
diffuse, a smaller percentage dcpartuie fi 0111 /<» is needed for complete penetra- 
tion. In other woids, for a difusc region, the transition from complete reflection, 
to complete transmission is sharper. 

A c K N 0 w L 15 1 > r. i\r 15 n T 

The investigation was undei taken at the suggestion of Prof. S. K. Mitra 
to whom 1 express my sincere thanks fui constant lielp and guidance. 
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joULE-THOMSON AND JOULE EFFECTS FOR BOSE- 
EINSTEIN AND FERMI-DIRAC GAS* 

I 

By B. N. SINGH 
University of Delhi 

(Received for [<iihlicatioii, July :’5, iq/io) 

ABSTRACT. The paper gives results for tlie jonle-'J'lminsoti i flerl and adiahntii' proce.ss 
for a degenerate Bo.se-Ein.stein gas. A general foninila for noirdegenc rale niatkr (both h'eiini- 
Dirac and llose-Eiuslciii) is given and the region of Iran.sition from dcgenctacy tn> non- 
degeneracy in the Bose-Einstein gas i.s di.scusscd in detail. 

The second port of the paper discu.s.se.s the Joule efieel for flie variou.s ca.se, s of matter 
obeying either statistics. 

Various properties of degenerate matter (degenerate in the sense of Fermi- 
Dirac and Bose-Iiinstcin statistics) have been investigated in the last decade and a 
half, and the results have found numerous applications in various physical and 
astrophysical problems. Keceutly Kothari ’ di.scusscd the Joule-Thomson effect 
and adiabatic process for a iion-rclativistic Fenni-Dirac degenerate gas, and 
Srivastava * has considered the non-rclativi.stic noji-degencrate cases of Fcrmi- 
Dirac statistics. Gogate ^ has extended tlie discussion to relativistic Fenni-Dirac 
degenerate and non-degenerate gas. However, the dicussion of Joule-Thomson 
effect and adiabatic process is incomplete, because the degenerate Bosc-liinstein 
case has not been treated .so far. London’s theory of liquid He H has revived 
the interest in the properties of Bose-Ivinstciii degenerate gas. The first part of 
the present paper deals with the Joule-Thom.sou effect and adiabatic change in 
Bose-Kinstein gas. A general result for non-degeneracy has also been derived. 
In the second part the Joule effect has been calculated for lioth the statistics. 
It has been shown for both the phenomenon of Joule-'l'liomsou effect and Joule 
effect that a Fenni-Dirac gas always gels heated and a Bose-Kinstein gas is always 
cooled. For matter obeying Bose-Kinstein statistics the region of transition from 
degeneracy to non-degeneracy has been studied in detail. 

PART I-JOULE-THOMSON EFFECT 

The non-degenerate case as mentioned already has been treated by Srivastava 
but here.we shall derive a scries expansion for the change in temperature produced 
by the throttling process. 

• Communicated by the Indian PhysicalSociefy. 
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Classical Iheniioclyiiaiiiics gives the u’ell-kuowii relation 

/„\ ^( 11 ),-'' 


Ia'I us consider an assembly of N particles occupying a volume V. Taking 
account relativity meclianics the number of particles possessing the kinetic 
energy « and lying in the range c to c-\-ch is given by 






where 


1 mc^]d€. 

L "h" 


Hence U the total kinetic energy for the assembly is given by 

47:eV \ 2mc'^v)^ {€ + mt^)c 


However, coiisickriible simplification is achieved by considering twp extreme 
cases: U) completely )ion-ulalreisiic casi and (ii) comtleiely lelalivistic cai.i . 
Kquation (3) tficn reduces to 


K-CV(/cT) 


fv'D'^’l -r~“ 
J '-c'-i 


... (4)* 


and also, if II denotes the total imniher of ])articies in the assembly (we shall take 
N to he equal to the Avogadro luniibcr, i-c., we have 


N = CV(fcT)’ 


J * w’- 

-Lc- 

A 


where u = In the uoii-rclativistic case 

kPi. 


5 = 3/2 and C = 


2ng{2tny-’ 


- (5) 


and in the relativistic case 

5 = 3 and 

* These follow iinniediately by assuming a general distribution law of the form 

N(«)d«=CVtfeT)' du. 

ie'+fi 

A 
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The results of integration of equation (4) for the different cases of degeneracy 
and non-degeneracy are shown in Table i. 

In the non-degenerate case, i.c., A«i, and we have, by integrating equa- 
tion (4)* and (4a), 

JU = sNkr[i + aPAj-bft‘^A^ + c/3^Al ], ... ( 7 ) 


where 




+ _ 5 _ 
2^1 + ] 



and 


A, 


N_ 

ncv(/cT) ' 


w -- 00 

ii 

vz=l 


A ” 



Kqualjoii (7) gives the general cxinession for energy in non -degeneracy and 
by giving appiuprialc values to ft and s we obtain the different cases, 


(/) /i= h I, 5= complrlcly non-rclaiivisiic Kcnni-Dirac non-dcgeiieratc case. 
(a) 1, s — 3 Feririi-])irae non-degcncrate case. 

(tii) 5=0 completely ;unf e/a / n /.Wic Bose-Kinstein iion-degcn era te case. 

(iv) /i“— 1, 5~3 comph'icJy i e/a Bose- Kinsleiu non-d eg eiierale case. 


We have, vSinceJ U—spV^ 

RT 


P . - --- I T aMi - 6/^2 A? + A ? -f J 


(g) 

(xo) 


and, as from (8) we have 


1 = _ A 
31 ' / T ’’ 

/ r 


we obtain + _ 

= Ri[i-(i~i)ti^Ai -t-( 2 S-i)fo/ 3 ^A?- ( 35 -i)c^"A? ] ... 

where R=Nfe. 


(ii) 


* The suffix + attached to a quantity denotes its value in the non-degenerate case. The 
suffix - represents the degenerate case. 

f A, becomes equal to Ao of t'he previous papers in the uon-relativistic case, and in the 
relativistic case to Ao , 

% For an ideal gas we have the usual relations, K- in the non rejativislic case apd 
^ = 3^V in the relativistic case. 
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Again, since 


( 

_\dT 


a^_ 

av , 


ve have substituting from (lo) 


( \ ,(2.s- l)b/:J-A?-(.VV-,)r(J'A? 

yaT T [i +2«M, -36/i-A^ ; 

=^- [i-U'+i)a/^A|'-l- (;..i i ::)(„•■« 1 

— (s i i)(4a'* + 7ub I 1 J. 


But we have, C,,-C,.=-- T Jf’ | ( 


aT / \ d'r 


and hence using (g) and (13), we have 


o 1 , , T / 9 V \ ( 

.vi dT j,,)' 


<->r C,,M=C,.. {i-a/M, I 2{a'^ 1 h)/i“Af - (-l"'' -t 7<'^' I 3' )/^''A j ...} (15) 

And theiefore from equations (i), (ij), (13) and (15) vveolftuin 


afSA -I- T 1 J41’ '' \ 


K -a/:^Ai 1" ^)/^-Ar I ---Ml - (v- iju/'Ai i- (25- i) ...}J 

= - Y. [„/JA , + {(s- 2)a2 - 2h) }/i=A r ■! (s" - 34- I - 2(-:^ - 3)- 

i 3 ( }/j'''A |' |. (i6) 

This is the general result for the non-dcgeiicrale case and, to a first order, this 
gives the same results as obtained l>y Srivastava and (jogate (loc. cit-). 

We now confine ourselves to the Bose-Uinslein statistics only {ft--- - 1). The 
non -degenerate case of Bose-lrinstein statistics extends light up to Aj --Stl-'') o, for 
the degenerate case A, being equal to or gieater than However, for 

A,=l,(.v)-o the series in equation (i6) is not sulTicicntly convergent to give 
accurate results. We have, therefore, to use a direct inetliod to deteimincMhe 

limiting value of ^ and its rate of change with respect to Aj at A, -i(5)-o. 

This is done as follows. 
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From equation (4), we have, since P=—i 
TT A" 


where 


and therefore, 


This gives 


y , 

ii 1 n 

A « - ^ _ = "v* ^ 

’“l'sCV(fcf)' nt, „* ' 

T / a A \ ^ /" a A \ 

QA i \ ^::5A, / 9-A i\ I i)A, 

0^-1 Ay > I g.ys ) ^y2 


i-l \ * 


also from (i8), 


dAj j ^ l(s- i) 


where the suffix i attached to a function denotes its value'^' at A — U.O -o. If To 
is the value of T at this point, then we have 

(If') ■■ <’■' 


and from (ig) and (20a) we obtain 


5 U^) 

To C(s-i)’ 


... (22) 


We can now derive an expression for Cvi- From equation (17) we have 


P _/ aEn )_ p3(s+ 1)5^ A" . 5 T/ 0 AUA"- 


r, bom (ao), = 


i"-l /_ A"-l 


and, therefore, 




■■■ (23) 


... (24) 


••• (25) 


We shall now determine. C/>j. The relation between Cp and C. is given by 


Since A is a function of T and V, w-e have 

JbaI ^Iba I +|8A I jsv I 

|9Tt, I t(, ]3vf,(3Tf; 


... {a6) 


** There should not be any confusiqn as regards Aj which has already been defined by 
equation (8) • 
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The values of 

In order to obtain 


8A ( 


and 


laA i 
l8T) 


are obtained from equations (i8a) and (aa). 


1^’ 


9 ^ 

8“T 


, we make use of the equation 


. _c(feT)‘ r «* 
• J .-M 


e’lh 

■f 


(27) 


A 


-I 


which follows from (4) and {g). Din'ereiitiathig this with respect to T and keejung 
p constant, we have 


(s + i) T-, , A" , s\d A I p V A" 

When A , = i(.) “ 0, »'C liavc, I ^ ^ I ^ • . 


Substituting the values of 
we obtain* 


) 9 A [ i 9 A I , 

)9vt' 


9 A 

9 T 


iP 


9 V i ^ _V_ j iis -I- a ) ^(.v ■_>)_,( 

[iCs}r r 


9 T 


ii/’ 


To 


... (aS) 
... (ay) 
in (26), 

• (30) 

••• (31) 


and hence, from (14a), C/>i= — ^ ^ a 

s K(^)J 

Therefore, substituting the above result in equation (i) and using (25), wc 
finally obtain 

) 9 'r 1. $(5) 


1 : 


(s+i) 


07844 ^ for 5=3/2. 
01338 ^ for 5 = 3- 


I 


... (32) 


(32rt) 


The rate 


1 9 X / 

of change of \ r with respect to Ai is deteniiined in a similar 

u 


way. 


» 



could also bn obtained by differentiating p obtained from equations (9) and {4] 


And using (la). 
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I'l'oiii eijuatioiis (2(1), (28), (20) and (iHa), we liave 

A" V A" 


lav! v'-'"''- 

|s-M, ■ 'i' 

and .siibslitiitiiip, this in et|natioii we Lave 


.1 ' 1 

Ar 


T 


(33) 


.V 


C,M-=C„ 

Tliciefore e(jnali()ns (i), (33) and (3.1) give 


V A" V A” 

A’ I J II 

A] 




(34) I 


2 I V A" A" 


a 'J' \ ^ V ^ 

9 /' /„ , -sA- 

A I H " ' 


»•> I 


(35) 


The above 1 elation after dilTcrenlialion uilb respect to A| and siinpliCcation 
with the liclp of ccfuation (eoa), leads to 


'iKM 

_ d A, 


t .1 .4^-9 U i(s~2} * 

I * ' K-';) U-v-i) I [s(s”i)]'' 


, .. m^)J - . ( - ) , - 1) islf) 

1) 1) sfi-i) j I CU-t'i) i;(s-i)) ( 


(i;_l i)Ul±iL + ._ .} 

s(s-i) 


, A(i-+ i)_ 

iW y«-7) 


... (36)* 


|o .5503 f«r 

( cv) for .s = 3. 1 

We shall now take up the degenerate case of the Bose-Kinstein statistics. 
This is characleiised by A-i and A, y(i). Attaching the suflix - to denote 
the value of the functions in the degenerate case, we have for the total energy K-, 
by integrating ecpiation (.|), 


and from etiuation (y) 
and, therefore, from (37), 


=^rs.nCV(/.-T)‘"'^(^ + i) 

... (37) 

;._=rsC(feT)'^H(s + i) 

... (38) 

_=rJ+'2C(feT)’fcv^(H-i). 

... (39) 

>11 die case of s-^li. 

[fh'-rlP aif 
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It is clear from equation (38) that the pressure is iudepcndoiit of the volume, and 



Therefore, 



V 



dv\ 


9/’ \ 

aT / 



T Ai 

{.s + 1 ) /> R (s f 1 ) + 1 ) 

nr 

, 2/s^ for t- 1/2 (nou-relalivi.stie case),* 

j 'n- 

) T 

^ i//)- for i — 3 (rcUilivistic case). 


(40) 



Figuke I 

loule-Ttiomson t-ffict for a Bosp-Iiilistein gas. 

' Curve NN is for the non-relativistic case 
and RR for the relativistic rase. 

* These result.s, however, do not signify that the Jouk-Thonison expansion can be used to 
produce cooling in a Hose-Einstein degenerate gas. For the amount of cooling is just equal to 
the difference in the temperature on the two sides of the throttle valve which are under different 
pressures, and the gas undergoing the throttling process simply acquires the temperature 
determined by the pressure on the side on which it emerges. 
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Equations (i6) and (40) no v enable us to obtain 


the values ' f 



R/V 


for the Bose-Einstein gas whether non-degenerate or degenerate. The curve 

[Qr \ 

NN in figure 1 shows the variation of R/V against Ao for the non- 

relativistic case (Aq denotes the value of Ai in the noii-relativistic case, 5-3/2 ; 
and All denotes the value of A] in the relativistic case, 5=3). The curve RR 
refers to the relativistic case, the abscissa for this curve being AH . The values 


of 


PI 

dp 


R/V at the point Aj = ^(5) 


‘O have been obtained from equation (3^^) 


and its slope at Ai -^(-O-o from equation (36). In the non-relativistic case th^ 
angle made by the tangent to the curve at Ao = ^(3/2) is approximately 28® 50' 
and in the relativistic case the angle at Ai;= ^(3) is go®.* It will also be 
noticed, as is easily shown from equations (40) and (32a), that there is no disconti- 
nuity in the curve NN at Ao=t,(3/2), but there is a discontinuity in the curve 
RRat AH= ;(3). 

Adiabatic change for a Bose-Uinstein degenerate gas : — 

In an adiabatic change the entropy remains constant. The entropy S is 
given by 


vS- = (5 ‘f- 1 )Vscyk ( /cT) • ^ (5 -f I ) . ... (41) 


Consequently in an adiabatic change, 

VT' is constant, 




pY 


is constant (since p cv 




(41a) 


PART 1 1 — J 0 U L E effect 

2. When a gas expands without doing any external work, as in Joule's 
Kxpcrinient, there is no change in the internal energy of the system, i.e., 

dE = o. 


Using the well known thennodynainic relations 

^ dQ = dn-\-pdY 

^C.dT + IiV, 


where 



^ As in the figure the scales of the ordinate and abscissa are in the ratio of 5 : 1, the angles 
have been drawn equal to 70’’ and 90* respectively. 

■[ See note on page 462 for definition of Aq. 
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we obtain, for the Joule effect, 


6T 

av 




0 p 

ax 


and using (9), we have, 



(42) 


_ _ T 

fK C„ s\- ■ 

We shall now consider the non -degenerate case of Fenni-Dirac and Hose- 
Kinstcin statistics. 

In this case p^. and C,+ are given by equations (10) and (11) and substituting 
them in (42 J, we have 




av 


V 


+ -!3( -3) I 




Considering io a first order only, we obtain, for a noii-deRenerale 
(1) in the non-relativistic case 

... n A, 



V 


22 


and (2) in the relativistic case 


R 

D 

16 


<43) 


(44; 


t44a) 


U 

where /3=i for matter obeying- Fermi-Dirac statistics and ft — —i for matter obey- 
ing Bose-Kinstein statistics. It is clear from the above, since dV is always 
positive, that there is a heating effect in the Fcrmi-Dirac gas whereas a cooling is 
produced in the Buse-Kinstcin gas. Also the change is greater, the greater the 
degree of degeneracy. 

(6) Now we shall consider degenerate matter. The degenerate case in the 
two statistics has to be treated sei)aralely. First we shall consider the FTrmi- 
Dirac statistics. This is characterised by Axi and /^:^= i , The integrations are 
carried out by using SommerfeJds’ formula according to which for large A, 


0 


* « , „Mo'’ 

— du- 7 - 

‘-■HI 

A 


I + ^---i7.v(s 
hMo 


where mo - loR A. 

Integrating equation (4) for large A, we have 


E_= NfcT(rs + iAi)' 
.f + 1 


I + 


(5+ i) 


^ (rs+iAi)- 
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which gives, since E = a/>V, 

N/l’T 




and 


C„- = 


_( 01C- 


sn- 


,n^ <^+ l) 

1+^ 2" 

^ (I’i + iAi)* 

Nk 


9 '^' /, 3 (r.v + iA,)T 

Subslit 11 tinf> these values in equation (/|2), vve liave 


/ 0T \ i.^n’ihiA,)* _ I 

\ dV '.sV j ■ (.v't "■ 

This is ihe geiiunil result for niiitter clegciicrate m the sense of Kcrmi- 
slatistics. If we have pul s = ^/2 we obtain to a first order, for the non-relativistjc 
rase, 


(45) 

Dirac 


/ aT\ 3 '‘Ao-' 


(46) 


( )n tile other lirUid foi tlie relativistic case (.v — 

/ aT \ (6A^0-‘ 

\ a V V ‘ 4‘;r2 


we have, to a first order, 

... (47) 


It IS clear from equation (46) and (47) that fora Fermi-Dirac gas tliere is a 
heating elTect in tlie degenerate case also, and that this efl'ect is greater the greater 
the degree of degeneracy. 

For degenerate matter obeying Bose-Kinstcin statistics the exiaesiduis 
for i) and C„ are given by equations (38) and (39) and hence substituting them 
in equation (42), we have (the exact expression) 


oT \ T 

av /y._ (j+i)v ■ 


(48) 


Hence, in the non-relativistic case (^=3/2), 

/ aT \ ^_2 T 

\ av /g_ 5 V’ 

and, in the relativistic case (5 = 3), 

/ ar \ T , , 

Lav 4 V’ 

Equations (43) and (48) show that for matter obeying Bose Einstein statistics 
Joule effect always produces cooling. 

As in the case of the Jouie-Thomson effect the equation '43) for the 
non-degenerate case of Bose- Einstein statistics is only mildly con vei gent 

( /p N 

1 

a V / 
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as the gas approaches the state of degeneracy. We proceed as before to 
find out the nature of the curve showing the variation of ( — I with 

{dvjjv 

0 T / T 

Ai at Ai=^U)“0 by evaluating and its differential coefficient with 

oV j V 

respect to Ai at the point Ai =^5)“0. We have from equation (14) 


and therefore 


. _R T V A” 


■■■ (51) 

(5a) 


V i’s) 

Substituting the values from (25) and (52) in (42) and simplifying, we obtain 


9 J ] = - To 

lav 1 V(s + i) 


i{s f i)£,(s-i) 
j __.jS LLy)].! 

5 + I ^S + ljt,( 5 -l) 


(53) 


which gives, for the non-relativistic case (5 = 3/2), 

(9t\ =_o.4Tp_ 


and, for the relativistic case (5 = 3)1 

(i-i) 


= — 0'12 


To 

V 


(54) 


(54«) 


The slope of the curve at the limiting point is calculated in a similar 
way. We have 

J^l 9 t\ _ 

dAj y dA] \ C„ sV j 

Substituting the values of p and C„ from equations (51) and (24), we get 


d T 

dAilav/ V 


d 

dA, 


I ^A" 
Ai 


■ L 

s dAi 


(s+ij A^ 

A”, A»-i 

^ “T-i 


1 


2 

Is ^ 


1 ^ 

n 


(55) 


8 
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which on differentiation and simplii'icatiou using equation (aoa) gives 


d dT 
dAi\dV 


'T 

V 




](5+i)C(s+i)- 

( V.U-I) 


^{s-i) ■ [5(s-i)]2 

- — .... (56) 


In the iion-relativistic case, ?,e., 5 = 3/2, 

d idT / t’ 




d 


= “0-1295, 


(57) 


(58: 


_dA\[dV j 

and in the relativistic case, i.e., r=3, 

[jA.(lv / v)],'" 

The curves showing the variation of ^ T j with A,, for a Bose 

Einstein gas have been drawn in figure 2. The ordinate represent 

/ 0 T / T \ 0 

I “-0y / ^ 1 and] the abscissa represents Aj. The curve NN is *for th 



Figure 2 

Joule effect for a Bose-Binstein gas. 
Curve NN is for the iion-relativistic case 
and RR for the relativistic case. 


non-relativistic case (Ai = Ao) and RR for the relativistic case (A)=AS). 
The discontinuity in the slope of the curves at Ai = ti(s) has been determined 
from equation (57) and (58) which give the angles to be 7“ 23' nearly in 
the non-relativistic case, and 90® in the relativistic case. As the ratio of 
the scales of the axes in the figure is 5 : i, the angles correspond to about 
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33° for curve NN and 90^ for curve RK. It will be noticed, as is readily 
shown from eciualions (48) and (53), that there is no discontinuity in the 
magnitude of the J oule effect in a Bosc-Iiiiistein gas as it passes from non- 
degeneracy to degeneracy in the uon-relalivistic case, i.e., at = ^3/2)- 

On the other hand there is a discontinuity in the relativistic case at 

A? = ^(3). 

It is a pleasure to express my thanks to Dr. D. S. Kothari for his 
interest and guidance during my w’ork. 
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DYNAMICS OF THE PIANOFORTE STRING 
AND THE HAMMER 

PART IV (study of DURATION OF IMPACT) 

By MOHINIMOHAN GHOSH 

Burdwan Raj College, Bengal 

(Received joi publicaiion, January 25, ig./oj 

ABSn HAGT. 1 he complete (-dynamics of the fniitc Puiiiofurtc .strinej Biid the hamuiet ot 
any kiiul has been worked out in Parts T, IT and 111. In this part (Jiilv expressions for the 
the duration of contact \Nhen the hainincr strikes at different points of a finite striuR have lieeii 
worked out. The comparison of the tlieoretieal values, w ith those obtained- experimentally 
bv diflereiit authors, is made graphically, and remarkable agreement is found in each case. 
It is found from the theory, that the duration of contact changes discontinuously with distance 
and for the higher values of the ‘ mass-ratio ' the curve shifts towards the greater values of 
the ‘ duration ' as was found experimentally by George, Kar-(diosh and others. The eom- 
parison of the theoretical values with lliose obtained experimentally by M, Ghosh and 
niiiierjec-Ganguli is made graphically and it is found that the agreement is remarkable, even 
wlien a massive hammer is used, f.c., for a large * mass-ratio ’ where Das and other theories fail 
completely. The variation of tlie duration of contact with different values of the elastic constant 
of the hammer, for a given striking distance, as is obtained from the theory, is also com- 
pared graphically with that obtained experimentally. Inhere is very good agreement 
in this case. 

INTRODUCTION 

The dynamics of the I’iauoforlc string and the hammer has been developed 
completely’ in Parts I, II and III. The theory lia.s been tested indifferent 
ways. The pre.ssure-time curve, for h.ard and elastic hammers, has been drawn 
for different cases. It is found that, in case of the hard hamriier, the 
pressure changes periodically in a discontinuous manner. As the hard hammer 
is replaced by an elastic hammer, the discontinuous periodic rises of pressure 
lose their sharp angularities and humps become less and less pronounced. Similar 
behaviour of pressure-time curve for different values of the clastic constant was 
observed recently by Davy® and his co-workers. The fact that the shorter 
segment of the string sets in vibration as soon as the hammer comes in contact 
witji the string was observed previously. No fruitful explanation of the pheno- 
menon was, however, known. The present theory explains the same fully, as is 
evident from the time-displacement curve given in one of the previous papers. ® 
The duration of impact of the hammer has also been previously calculated for 
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a few cases. In this paper an elaborate and systematic study of the duration of 
contact for hard as well as elastic Iiaiiiiner will be made, and the calculated values 
will be compared with those obtained experimentally. 

TJjc symbols to be used in the present paper have ^^ot the same meaning as in 
Parts J, II and III. 

The expression for the pressure exerted by the hammer as derived previously 
is a function of time. And, as already pointed out, the duration of contact, <r>, is 
the lowest positive root obtained by solving P„(0“O. 


IJ A R D n A M M K R \ 

(i) When the hammer strikes very near the end, so that - is very small,' 

c 

the pressure exerted l^y the hammer is given by [vide eq. (9), Part i] 

/ _ 2/xv \ 

P'—mV()'^ e ^ sin vt- tan ' « o • 

and the duration of impact is given by 


V --v* 


where 


..Ml. 1 ,/4M,_M1 


nio Wo 


The general expression of the pressure exerted by the hammer during contact 
is [vide eq. (56), Part 111 ] 




«) 


+ S{(h + 3-2(n4 i)/'fl4 2 + «/'«-. I + [i-Q-tiO^)} 

+ 2{3/!i'-6// + 4/.'-/2'}{/-20)] " ... (56) 

where /'«(<) = 

r-2 _£ZL._n. 


A” Vo 


•rii • r(«)V(r) -(n-r)!' 




jFl — r— S 

."-ir- 


+ "->C 3 .q" 


(n-T-3) ! 


(n-f— a) ! 

— ^ L j- ( — ^”-1^- PI " r(n + r — i) 

\ /*! — r jW-r-2 3 I 

J^n-l ^ —"-lO j.w -3 t , I 

\P {—) Cl .p + C2.^. . - + j- 

(s6a) 
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tthen q=f=P and A=|8(g + i>) 

p-q 


so 


iiucl 


and 

when 


2pp={k + i), 20q=(A-i) 

( n! (in- 1)! ^ ' W-TTir- 


(i,6b) 


q=l>. 


For hard hammer we put F.^oo in cq. (56a). From the above pressure 
equation, we are able to calculate the value of the duration of contact, for the 
particular case we rccjuire. 

(u') When ihc sinking distance a is jniile and the oihc} segment of the siring 
b is large enough coniparccl to a so that no wave after suflering reflection from 
the end x~l, arrives at the hammer before the pressure terminates. The expres- 
sions for the pressure at different intervals are [vide eq. (13), Part I or eqs. (56) 
and (56a) for b UM ^ (X) and K—Xx)] 


Pi= f'i(t)^2pvoce 
c 

P2 = ^ |/'l(<) -/2'(<i) I =Pi •' 2 fn<ocr (1 - qt,) 


P«*1 = P„+ f'„,M 


= V„ + 2 pvoce~ + (-)" 

I 2! n! \ 


(69) 


We find, from above, that P^— o has no finite root except at / = (X so that 
impact must not terminate during the first interval, I >0. 

If the pressure terminates during the second interval, we get by solving 
P2 = o 


<h 




^ 1 ^ 
”■ [ 


provided the maximum viass-rutio (i.e., for <P=2^i ) is given by 


I 


^M; 


j]l _ ) 


I + c 


m 



(70) 


(70.1) 


which has a root 

Ml 


= 3-iS- 
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Thus the pressure terminates during 2fli> t >^1 provided — 

< ■ m ^ 

o 32 . 

P 

If the pressure terminates during 3^i> t >2^x we get from the equation Pa«o 


Y /q> \ 

-2 “72.lhr“-2 +72-2="0, 


where 


Tai — 


m 


^2*2 oiv.*-2 


m 

'8Mf 


2 M^ 

.4M1 


2 + e 




m 


1 4 e 


m 


_ 4^1 


i +e 


_8Mi 


m 


m 


provided the niaxiiimm imiss-iaiio (i.e., ‘^* = 3^1) is given by 

1 -Y2-1 y2-2 = o- 

Duialioii of contact is obtained by solving eq. (71). 


(71) 

(7 i-f) 

\ 

(71. ai, 
(71-3) 


1 he equation (71.3) has root =()'i approximately, so that the iiiipacl 

Ml 

•— >6 1, t.r., a<o 16 . 

M 1 f> 


lermiiiales during this interval provided 


If the pressuie teniihiates during 4^i>/>3^i we get from the cqation p4 = o 




where 


73-1' 


37n 

4M1 


'' -4Mi\ 

3"*“ ^ m h 


3 

''‘•’‘'iMr 


8M, 4M.,/ 4M,V , 

m ^ ^ 771 I 2 I -r 3 


m 


(72) 

(72.1) 
(72. a) 


Ys-;v 


un' 


32Mi‘ 


12M1 SMi/^ gjyj 


m 


4 c 


m 


V 


_ ” ^ i 

m ^ 


_/|M 

^ 17/ 


\ »n Hi"' / 


(72-3) 


provided the maxiinuin niass-raiio is given by, as is obtained by putting 
d> = 46>| ill cq (72), 

1-73.1 -^ 73 - 2 ~ ^^ 3-3 = 0 . (72.4) 

Duration of impact is obtained by solving eq. (72). The cq. (72‘j^) has rool 
771/Ml = 100 approximately; so the impact terminates during this interval 


m 


provided — i c., a^O’i 

Ml P 
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In this way we can find out the expression for the duration of contact, 
when the impact terminates during any interval. 



^Figure i 


Figure i shows the variation of the duration of contact with striking 

distance for diCfereut values of — as predicted by the theory. We find that 

P 

the duration of contact changes discoid iiniously with distance, and for higher 


values of -- , the curve shifts towards the greater value of the duration of 
P ' 

contact. The same was found expcriinentally by George*, Kar-Ghosh', 
Banerjee-Ganguli* and others- 


(in) The hammer strikes at the mid-Poivt l-aa. Equating P,=o as given 
by eq. (17. i), Part I, we find that the positive root other than zero is 
so the 'pressure in any case will not terminate during the first interval 

If the pressure terminates during the interval we get from P» o 

as given by eq. (iT-a)- 


$ 

0 





(73) 


This is valid, so long as the maximum mass-ratio does not exceed i 7, 

which is .obtained as the root of the equation 

_ 2M \ 

2 + e. m ••• (73-i) 


m 

4M 


9 
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WHen the pressure terrniuites during we get from Pi = o 

[r)ide eq. (17.3 )] 


* a « as 

(q>-e)+y2.3-^=o. 

2 4 


where 
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*■ - I , i - 


2M 
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_ 4M 


111 


WT 

provided the maximum mass-nitio — * is given by the equation, 


+ e 


2M 


in 


i-A¥„ 
m i 


(74) 

(74.1) 

(74-3) 


* # 

I “YS-I +>'2"3 = 0 


(74-3) 


which has a root 4.1 approximately; so the impact terminates during 3^i><>a5i 


when r^-lies between 1.7 and 4.1. 

M 

When the pressure terminates during 4^iX>3^i we get from P4=o 
[vide cq. (17.4)] 


[i- f- (.1- 3®)-;,. 


0* / % 

3 _= 0 , (75) 


where 
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~ 4M 


* 3 «>" 


f - 2M_ 

4 + P 
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( 75 .i) 


(75-2) 
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provided the maximum mass-ratio is given by the equation 

* * * 
I“y3'l'^y3'2“73'3“0 


(75-3) 


(754) 


'ftl 

which has a root -j^ = 7'3 approximately. Thus the pressure terminates 


during this intervah so long as — 4C4’io and ^7’30. 
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During the interval 5^i> < >4^i by putting P. = o [-jitfr eq. (17.5)], the 
duration of contact «I> is obtained as the root of the equation 

($_2©)4 (c1)_2@)3 4 (cI)_20)2 

2 4 


-74'3-^(‘I>-2B) + y4.4---=o 


16 


where, 


74-1 = 


m 

M 


5^■ e 


m 


(76) 


(76.1) 
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\ VI / 
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^ i6M2 

~ 2 ~~~ 3 

m m 


■) 


provided the maximum mass-ratio is given by 


l-n-l +T4.2 = r4-3+y4-4 = 0, 


(76.4) 


(76-5) 


which has a root — =io’4 approximately. The pressure terminates during 
M 


this interval if -lilies between 7' 3 and 10 '4. 

M 

In this way we can find out the duration of contact for any interval 
higher than 5^i> t >4®. 

(iv) The hammer strikes at a point, little nivay from the mid-point, of the 
siring, ke., b is slightly greater than a. 

If the pressure terminates during t >«, . we get the corresponding 
expression for the duration of contact by solving eq. Pj— 0 [vide eq. (60), Part III] 
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<1> _ a 
W I 


1 + I I + 6* 
4Ma\ 


( 77 J- 


provided the maximum mass-ratio which is obtained by putting <b = ^ is 

c 

given by the equation 


m 

4M 




... < 77 i) 


Here we find that the maximum mass-ratio depends on . The equation 

a 


(77. t) is solved for diiTereiit values of in order to get the maximum limit 

a 

of the mass-ratio for the given intervai (vide table i). 


1'able I 


I/fl 

Maxitnuni 

VI /M 

2,2 

f) 36 

\ 


2 4 

0.65 

2.6 

0.79 

a. 8 

0.93 

3 

1 .04 


If the pressure terminates during 2^i> i >^a we get-froin eq. Pi=p 
[xude eq. (60), Part III] 

_4Mfl 
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4M(i-a) 
I -t-e rnl 


/2+c 
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4M(b-a) 
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— ~ / 2 ^ e 

I 8M 


ml 


... (78) 


provided the maximum uiasi-rfl/io which is obtained by putting ^ = 2^1 is given 
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4^^ ) 4Ma 4 M 
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4Ma 
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+ e 
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I L,. 4Mb' 

\ ml I 


2a 


= 7. - (78.1) 


When a=b, i.e., at mid-poinl, the eq. (78) is evidently the same as eq (73). 
[v) Hammar ilrikcs at one end, i.c., I = ia,b~2a. If tlie pressure 

tetiU'inates during 20i>i>0y we have froineq. p2 = o [vide eq. (60), Part III] 

_ .1M 


'1' „ 1 I III 

H 3 " 4M 


1 + e 


(79) 


• 111 • • 

provided the inaxiinuin mass-ratio is i’04, as is given by the equation, 
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4M 
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_ 4M 

=(^i+c 3wy 


(79-1) 


If the impact ternimates during wc get from 1*4 = 0, for 

[vide eq. (60), Part III] 
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+ 
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\ / j 


provided the maximum mass-ratio ^ is given by (as B — 3^j) 


(80.1) 


1-72-1 + 73-3 = 0, ... (8o.a) 

\vhich has a root 1.76 approximately. 

The comparison of the experimental values of the variation of the duration 
of contact with striking distance in the case of hard hammer, as given by M. 
Ghosh (fig. 2) and Banerjee-Ganguli (fig. 3)- is made with those given by the 
present theory. 
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The duration of contact for hard haiinnor (vide Fig. 2) of mass 21-2 f n 
was observed for different striking distances, at a regular interval of 10 cms. 
from one end of the string of length 600 cms., and of linear density o'os gm./cm., 
stretched under tension 38-5 kilograms weight. With the above data as given 
by M. Ghosh, the duration of contact, which is the lowest positive root of the 
pressure equation, is calculated theoictically. These roots are obtained by solving 
the pressure equations numerically. They are also checked by the graphical 
method. 



There are some striking distances at which double or triple contacts are 
observed. But these higher contacts, other than the first, arc different from what 
is given by the dynamics of the struck string. I'liese higher contacts may slightly 
modify the vibration-form of the string after impact. During impact, the hammer 
at first moves forward, then momentarily comes to rest, and afterwards starts 
moving backward, when after some time, it is separated from the string. Now, 
a reflected wave from either end while travelling along the string will pass 
through the point which was in contact with the hammer. If this reflected wave, 
at the instant of crossing the point of contacts, produces a displacement just equal to 
or greater than instantaneous separation-distance between the string and retarding 
hammer, then there is every possibility of ficsh contact. The~duration of such a 
contact is evidently much smaller than the first. As the velocity of wave propa- 
gation along the string is completely independent of the velocity of the hammer, 
so the phenomenon of multiple contact is influenced by the hammer velocity. 
Similar remark was also made by W. H. George. The experimental study of 
the same is in progress and will be published in due course. 

The value of the duration of contact, when the hammer strikes the mid- 
point of the string, is calculated with the help of the eq. (73), as tn/M is found 
to be less than i-7- The values of the duration of contact, for the striking length 
290 cms. down to 230 cms. are calculated with the help of eq. (78.1). Here 
the waves from the remoter end overtakes the hammer before it leaves the string. 
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Eq. (70) is used for the striking length 220 cms- down to 160 cnis- as m/M is 
found to be less than 3'i5. In these cases pressure leiminates during the second 
interval before any wave from the remoter end overtakes the hammer. Eq, 
(61) is used for the striking length 150 cms, down to go cms. as 
Here pressure is found to terminate during the third interval. Kq. (7-^) is 
used for the striking length 80 cms. down to 50 cms. as w/M] is found to 
be less than 10. Here the pressure is found to teniiinate during the fourth 
interval. For smaller striking lengths calculations are made graphically, where 
it is found that the pressure terminates during the fifth epoch. 



a in cms. — ^ 

Figukk 3 


In figure 3 the values of the duralion of contact wlien a hard hammer of 
ma.ss z|5 gms. striking at different points on the .string of length 240 cms. and of 
mass 16-4 gms. stretched under a tension of lo go kilograms weight, are obtained 
by solving the [n'essure equations graphically. As for a massive hammer, that is, 
for a large mass-ratio, which is the case here, the pressure terminates after a large 
number of reflection of waves from the nearer end of tlie string, the algebraic 
method becomes too lengthy and so it is not followed here. 

It is found that, when the hammer strikes at a distance 100 cms. from one 
of the ends, the pressure terminates before the fourth reflection from the shorter 
end, and the third reflection from the remoter end overtakes the hammer. Again 
when the striking distance is 80 cms., the pressure terminates before the fifth 
reflection from the shorter end, and the third reflection from the remoter end 
overtakes the hammer. In the same way, for the striking lengths, 60 cms., 
50 cms., 40 cms., 30 cms., and 25 cms., the pressure terminates before the fifth, 
sixth, seventh, eighth, and tenth reflections from the shorter end respectively, 
and the second reflection from the remoter end in each case overtakes the hammer. 
For the striking distance 20 and 15 cms., it is found that the pressure terminates 
before ninth and tenth reflections from the nearer end and any reflection from the 
remoter end overtake the hammer. It is found from figures (2) and (3) that 
the agreement between the theory and experiment is remarkable. 
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In the case of the elastic hammer we have got very complicated forms of 
the pressure function- So in very rare cases the duration of impact can be alge- 
braically solved. 

When the liamnier strikes very near the end, so that - is very small, the 


displacement of the struck-point is given by [vide eq. (23), Part II] 
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and the corresponding pressure is given by [vide cq. (.>6.3), Part II], 


-P-Eu = }-D 
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siiif vf — eH-tan“‘ 
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(271 


and ill the usual way the approximate value of the duration of contact is 
obtained, as given by 


4.= Mtan-> ^ 


tan 


-1 2MV 


/A “a 


(81) 


The expression representing the pressure functions in other cases of 
the elastic hammer have got three different forms depending upon the 

values of the elastic constant, j.c., according as ^>= Here graphical 

A m 

method may be helpfully adopted except when , where well-known 

T m 

Horner’s method or Newton’s method may also be followed for numerical 
solution. In every case, it is evident from the pressure equations that the ’ 


pressure must not terminate during the first interval, except when 
Here pressure exerted by the hammer is given by [vide eq. (40.1), Part II] 


i6p 

m 
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sill vi / 


where 




and the duration of contact is given by 



2 



The elastic covstaut li of the liaiiinicr, which is included in the pressure 
function is dislnicily different jioni Young^s Modulus but it dcijeiids upon 
tlie same, and also ujion the size and the shape of the hainincr, and upon 
the length of contact. It is the force in dyne acting upon the length 
of contact for a short time to produce unit comprevssion. The magnitude 
of such a force, when acting for a long time, measured in an oidinaiy 
statical method, is much less tlian the dynamical value, but these two sets 
of values may be interrelated. 



O '01 "02 "03 'o/] '05 06 "07 ‘oS 

E/T-> 

The dynamical value of is of vhcii the corra/yondtng statical is loo/T. 


I'ksiirE 4 

In order to test the theory of the elastic haniniei the duration of 

contact of elastic hammer for different values of the elastic constant 1 C 

and for a given mass 2i’2 gms. striking at the mid-point of a string of 

length 6qo cins. of linear density 005 gm./cm. stretched under tension 

38-5 kilograms weight is calculated. The experimental values giving 
the variation of the duration of contact with the variation of the elastic 

w 
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constant of the hammer when strikes at mid-point of the string are taken 
from a paper of M. Ghosh/ The values of the elastic constants given 
in the paper are statical values, and are different from the dynamical 
values required by our formula. So the statical values are reduced to dynamical 
values by selection, and both are represented graphically in fig. 4. Here 
we find that pressure terminates during the second epoch, ‘b corresponding 
to the point B in fig. 4, is calculated by the help of the pressure equation P, = o 


[vide eq. (47.2)], when ^ all the points on the right of D are calculate(^ 

graphically by the help of p2 = o [vide eq. (47 2)], when and all thd 

points on the left of B are calculated by the help of Pa“o vvhen;Ji< -— ^ 

T m 


The agrcenicnt between the theory and the experiment is good. 


My be»st thanks are due to Prof. K. C. Kar, D.Sc., of Presidency College, 
Calcutta, who has taken interest in this work. 


PHYSTCAr LaDOKATOHV, 
Buwdwan Raj Coewtiii, Burdwan, 
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DYNAMICS OF THE PIANOFORTE STRING 
AND THE HAMMER 

PART V (some special THEORIES) 

By MOHINl MOHAN GHOSH 

Burdwan Raj College, Bengal 

(Received for pnhUcatioi, Fehrtiary 20, ig^o) 

ABSTRACT. The general theory of the finite Pianoforte string struck by an elastic 
hammer has been already developed in different papers. In this paper, the approximate 
conditions, necessary to reduce the general theory to obtain special theories given by different 
workers previously, are discuvssed. Kaiifmonn has considered two cases in which the hard 
hammer strikes (i) very near the end of the string, and (ii) at the mid-point of the string, The 
case of the hard haninicr is obtained by considering in general theory the elastic constant of the 
hammer as large as infinite. All the expressions necessary for case U) are obtained bvt'onsider* 
ing the longer segriicnt a>s large as infinite, and case Hi) is obtained by making t\^o segment, s of 
the string equal. The expressions obtained by Helmholtz ai'e oiilaintd by considering the tension 
of the string large enough compared to the elastic constant of the hammer. The txpressions 
obtained by Dhargava-Ghosh are obtained by tlie same approximation in fhe case of a semi- 
infinite string. The expressions as given by Duvs’s theory are obtained by considering the 
longer segment to be as large as infinity, and that of Delemci is obtained by putting infinite 
for the clastic constant of the hammer, and, the hammer is considered to be a mas.sive one. In 
order to explain the effect of the velocity of impact on duration of contact, the iinjiact is con- 
sidered in the light of Hertz’s theory. A good agreimeiit betwc( n the theory and the expeii- 
ment is obtained. In this ease the pressure exerted by the hammer on tlie string becomes 
appreciable after a certain instant when it comes in contact and leaves the strijig long after the 
pressure falls to a very small value. Similar was the assumption made by Lamb in his Ibeory. 


INTRODUCTION 

The dynamics of the pianofoite string and a hainniei has been coniiditejy 
developed in different papers. ' The theory has been tested by the expei 111 cntal 
datas supplied by different authors. In this paper it will he shown that the older 
theories which fail to explain fully the different experiinciilal facts will cen e out 
as special cases of the present general theory. The approximations nccessaiy for 
simplification of the general theory to the respective special theories will .show 

their range of applicability. 

The symbols used in this paper are same as before. ' 

The expressions for the displacement of the struck-point, the pressure exerted 
and the corresponding duration of coirtact for an elastic hammer striking very 
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near ihc end of a string are obtained in Part II [vide cq. (20)] and Part IV [vide 
eq. (37)]- 


-1>- r.,A(^2 + „». 


gjy -K + a) 


c))rz ^ 
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tan ' ' —tan ^ S---,, 

// — (I — r- 


(23) 



where, 


A- 
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T . 

2W]C 


Pa 

3 


The eq. (23) can easily I)c reduced to what is obtained by Bhargava-Ghosh^ by 
making infinite, /.r., when magnitude of T is infinitely laige compared to the 
magnitude of E- This makes the pressure of inq^aet, at t = o finite, which how- 
ever cannot be true for elastic hammer. This assumption, v\hich is necessary for 
the above reduction, is equivalent to, neglecting the term of thiid differential 
in the equation of motion of the stnick-point, [vide eq. (24), Part II], which 
however was neglected by the authors in building up their theory cited above. 
They have further assuwed that the shorter segment vibrates like a nj^id iod 
during impact. 

Das'^ has also got an expression similar to cq. (23), on Kaufmann’s assumption 
for the 'mass correction', i.c., the shorter segment behaves like a rigid rod during 
impact. But the ])rcsent theory is free from any such assumption. It has been 
already pointed out (vide page 440, Part II), previously, that Das’s deduction is 
also not free from criticism. 


For a hard hammer E — ^00, This reduces 
a — cso; EA — i; e 


"o; 


mi 



2moC 



^2 

4mc?c®* 


As for the hard hammer E = cx;, the expressions for P and the duration of 
contact becomes identical with those obtained by Kaufmann [vide eq. (7) and 
(9), and eq. (67), Part IV]. 
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The general expression for the displacement of the struck point as obtained 
in Part III, eq. (52) is 

ya = fl(t) + ^[fn + lU-nOi) -/n(t-n6|)] 

+ S[/n + l-/n](t-«^a) 

1 

+ 2[/3-2/2+/i](<-^) 

fl 

+ 2[(n + 2)/n.) 3 - (snH- 4)/n . 2 + (3« 2)/n+j - nf — ^ - nO i) 

fl 

+ [ (w + 2)/« + 3 - ( 3 " + 4)/« ^ 2 -I- ( 3 " + 2)/n + 1 - «/,. ] (t - © - fl^a) 

+ 2[3/f.-9/4+10/3-5/2 + /l](<-2«). ... (52) 

and tlie corresponding values of tlic pressure exerted by the hammer is [vide 
eq. (56), Part III] 


Cl 1 

-h S{ (n + 2)/' n 4 3 + i)/'« + 2 nK 4- , } - W “ nOi ) 

1 

-1- S{ {n + 2)/'w4 3 “~ 2 (n+ i)/'„4 + i 

1 

+ 2{3/'.-6/^+4/'3-/'2}a-2H)], (56) 


where each functions which represents dislurhances pioduced during impact can 
be expressed in three diflerent foims depending upon the nature of the values of 
q and p, 
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f3(ia) = ^ voc + sin (vf2-tan ’ 
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etc., 

where 
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Das ” considered the case of a semi-infinite string and he admitted that 
the method adopted by him failed to consider the case of a finite string. Further, 
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eveu for a semi-infinite string he was not able to consider the case when 
2 

= as in the present theory. 
m 

For semi-infinite string b — >-oo I — >00 and every function in eq. (52) and 
(56) whose argument contains = must vanish, as 

9 h 

these functions will not appear before the time t =— , i.e., if the 1 aniiner is 

c 

^ I? 

assumed to leave the String before — . This however is not the case for a 

c 

massive hammer. Thus for a semi-infinite string 

3’.==/i(0+ ^ [/« ti(r-'rz^i)-/„(f-n6i)], 



and I .. (83) 

These are exactly the expressions obtained by Das.^ 

Fr F 

In the case of the soft hammer when ( — we have, by the help 

\ 2T ' 

of eqs. (30), (39.1) and (56), 


sin vr during o<t<—, ... (84) 

V c 


where /a and v are given by eq. (38). When the haniiiier is very soft and light 
SO fji — >0 and v — > — the eq. (84) reduces to 

2 r m 


»,()/ where vo“ . (85) 

c tw 

This is the form of the pressure function which Helmholtz * in 

solving the problem of the Pianoforte string. In this connection he remarked 
that the magnitude of vq increases as the elastic poiver of the hammer increases 
and the weight decreases. This, however, is evident from the above deduction. 

2 Or 

In tlie case of the hard hammer, i t*., wIienE — >-(X j q — > — and p — >-cso, we 

ni 

have for the interval o<«— , from eqs. (30), (52), and (56), 
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( 86 ) 
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nivoc 

2T 

- Cl 

(i-e ) 

... (86-i) 

mU()C 

‘^2T 

[ 

... (86.2) 

im\)C 

2T“ 


... (86.3) 


as c‘V=T. 

li e shall get all the expressions obtained by Delemcr * from the above eqs. 


{S6), ufhen the hammer is considered to be a massive one so that — >o. By 

7n 

retaining the first two terms of the expansion c in the above eqs. (86), we get 

V\=2f'V()L (a constant), ... (87) 
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>1= (c< + r-a), 


>'2= ict-x + a). 


... (87.1) 

# 

... (87.2) 

... (87.3) 


These equations are same as given by Delemer who assumed in his theory 
that the pressure exerted by the hammer during impact is constant. This, 
however, is the case of a massive hammer. 

When a hard hammer (E=tX)) strikes at the mid-point of a string (a = 6) 
and {l = 2a) such that the pressure terminates during the second epoch, i.e., n = i, 
we get, by putting ^1 = ^2 in eqs. (32) and (56), 
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and 


P= [f'lU) + 3f'.,(t-0i}-2 Pj(i-O,)] 
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These are identical with those obtained by Kaufmann * 

It may be pointed out here that the theory givetr by Das docs not take 
iuto account the reflectioii from the remoter end of the string'. Dns considered 
that the effdfct produced by the hammer when it strikes a finite string at a point 
dividing it into two unequal segments, was equal to the sum of two partial 
effects produced by the hammer, on two semi-infinitc strings by striking at 
finite distances, which were equal to two segments respectively. This idea of 
Das leads to results different from® that of the Kaufmaim for two equal segments, 
i e., when the hammer strikes at the mid-point. The difference aiises after 
the time equal to the period of the vibration of the string measured from 
the beginning of the impact. This is due to the fact that Das has completely 
ignored the effect of successive reflctiions of the waves from one end ivhicli has 
already suffered leflcction from the opposite end. It should, however, be noted 
that the present theory leads to the result identical with those of Kaufniann for 
all time. 

The variation of the duration of contact with striking velocity in the case 
of the felt hammer was noticed by Weak ® and Kaufniann and afterwards 
systcniaticaliy studied l)y M- Ghosh/ In order to explain the above phenomenon 
we consider the period of impact to be divided into three distinct t)criods as 
Andrews did in solving the collision problem of soft and clastic balls. It is 
assumed that in the first period the pressure exerted by the hammer-felt obeys 
Hertz's law and the siring is not appreciably disturbed. After the compression 
has reached a certain value developing a finite pressure Po, Hertz's law ceases 
to hold, aiid the string licgins to he displac'cd. During this second period, 
the pressure exerted obeys Hooke's law, and the motion is given }>y tlie 
cqs. (19) and (tq.t) and the corresponding dynamical behavioui is studied ^ 
previously. After the second i)eriod which may be called the * Hooke's period * 
the extra compression, and so the corresponding pressure developed, is completely 
released, and the third period begins. As in this period Hertz's law is valid, 
it may be called the third ^ Hertz-period.' It is assumed that the first and the 
third Hertz's periods have the same duration r (say). Therefore the total 
duration of contact must be H- zr where duration of the second 

Hooke's period as calculated from our general theory in part IV", depending 
upon the mass’-ratios, the striking length, and the elastic constant of the 
hammer, etc. Now the magnitude of r is to be calculated. 

The equation of motion of the hammer during the first or third ' Hertz- 
period ' is 


mit = mPa -f 7nu = — cu 


(90) 


where e is a constant and z — 

In passing we may remark K, that the elasticity of the hammer, wliich is 


It 
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taken to remain constant during the second ‘Hooke’s period,* is proportional 

to in ‘ IlcrU-period * [compare cq. (ly) and cq. (go)]. 

As the string is not appreciably disturbed in a ‘ Hertz-period,* we assume 
ya—o approximately, so the cq. (90) becomes 

u 1 u^ = o. 
m 


On integrating the ec|. (qi), and evaluating the constant from the condition^ 
that at / = o, y = and suj)posiiig that the limiting values of ti and u at thel 
end of first ‘Hertz-period ’ arc Hn and t respectively, we have ^ 





(93) 


where 
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From eq. (92) w^e have for the time r taken, to produce the compression 
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After integrating term by term, we gel 
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As the total duration of contact d> is given by 
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where 3 >o is calculated in tlie usual way from the pressure function, as given 
in part IV. As pointed out before, the algebraic solution of the pressure function 
for any value of K is rather difficult, so to verify the effect of the velocity 
of impact on the duration of contact wc calculate taking E — 00, t,c., for a 
hard hammer. This value of ^vill not introduce any serious error in showing 
the variation with velocity. 

The data supplied by M. Ghosh*’ in this connection are used here 
to t^st the above theory giving the variation of ® w'ith velocity of impact* 
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The hainniLT of mass 21*2 gin. stiikcs at the inid-ixnnl of the siring of length 
600 cms. of hne density o'o5 gm,/cni. slietched under teiivsion 38*5 kgms.wt. 



The theoretical value of calculated from etj. (73) part IV is 2 oy x 10“^' second, 
whereas the observed value is 3.080 x seconds. The variation of‘h'“d>Q 
with 'i;o is calculated fi’oni eep (go), taking only the first approximation and 
Mo = o ‘2 cm. Both experimental and theoretical variations aie shovMi graphi- 
cally. It is evident from the figure that the theory ])ut forward agrees fairly 
well with the experiment. 

It may be remarked here lliat the existence of the small pressure during 
Hertz periods at the beginning and at the end of the impact which is the 
basis of the above calculation naturally reminds one of Lamb's assunipiiun 
that the pfcssurc exerted by the hammci on the shing becomes appreciable 
after a ceilain instaul ‘lolicn it comes in ( (niiat t and leaves ihc slrurg lon^ after 
the pressure falls to a very small value.'* 

My best thanks are due to Prof. K. C. Kar, D.vSe., of ITesidency College, 
Calcutta, for the interest he look in the work. 


Dbpautment or Pnvsics, 
BURDWAN UaJ CortKGK, 
BuunwAN. 
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BOOK REVIEW 

" BROADCASTING IN INDIA 

(a review of the report* specially of chapters 11 AND 

It is for tlic first tiiiio since A))ril, lojo, vvlieii the control of Calcutla and 
Doiiibay radii) slalinns jiasscd over to flic Covcrnineul of India tliat an official 
leport on the 'Aorkiu^ ol the liulian Broadcasting Adniinislration ui' to 3TSt 
March, has been idcascd to the jniljlic. During Ihe next three years 

(1930-33)) fhc Broadcasting in India made little progress and on one occasion it 
narrowly escaped being shut down. In January, 103.1, the Government of India 
granted 2i lakhs of rupees for a third medium-wa\'e station at Delhi, The next 
year, a special fund of Bs. ao lakhs was allotted and Mr. Fielden of the B.B.C- 
assumed charge as the first Controller of Broadcasting. In 1936, a further grant 
of Rs. 20 lakhs was added making a total of Rs. 40 lakhs ; and Mr. Kirke of the 
B.B.C. arrived in India to suggest a scheme of expansion of broadcasting in 
this country. 


K I R K R’ S S C II E M R AND AFTER 

Kirke recommended the installation of seven medium-wave stations at various 
centres in addition to those existing at Delhi, Calcutta and llombay and one short- 
wave station at Delhi foi news trnnsmi.ssion. He also inuposc'd the pinchase of 
the existing medium-wave station at Pe.shawar. Regarding the aenal power of 
medium-wave stations, he suggested 100 KW for one station, 5 KW for live 
stations and 2 KW for two stations. This sclieme together with improvements 
on existing Caleiilta and Bombay stations was esliniated to cost Rs. ^o'lQ 
lakhs and the annual recurrent expenditmc to Rs. 26 lakhs for the completed 
.scheme. 

In absence of data on reception conditions in India at different times of the 
year, an estimation of the areas which \\ould be adequately served by his scheme 
could not be made, but it was predicted by him that the scheme would give ‘ A ' 
service area with signal strength of 10 milli-volts per metre to about 14 million 
persons and ‘ B ’ service area with signal strength of 3 milli-volts per metre to 

• Report on tlie I’rofirf s.<; of Broadc.'isting in India, pubEsIied by the Manager of Pnblict- 
tions, Delhi, 1940. 
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35 million persons. It wonld be noted here that Kirke's forecast was subsequent- 
ly found to be adequate for winter months only but not in summer months due to 
severe atmospheric disturbances prevailing in India. 

Kirke wisely vStreSvSed in his report the necessity of establishing a Research 
Department and suggested taking up the work relating to (a) field-strength 
measurements, (6) transiiussion tests, fc) study of atmospheric disturbances, 
id) recording of programmes and (c) development of radio links for relaying as 
well as advising the Ihigineering T)ej)artment on the ]nircliasc of new radio and 
audio equiimicnts- j 

He alsf) dwelt in his rejifirl on the quest ion of appointment of a suitable Chief \ 
Ihigineer In supervise leclinical and research departments and to build np a satis- 
faf'lory oi gaiiization As he. did not seem to find in India any person (European 
or Indian) suitable foi this aiiiiointment, be considered it dcsirabie to bring a fully 
qualified man from I'jigland 

Kirke's recomiiiendal ions were based uixm a compromise bctw’een pro\iding 
service to urban areas from which huge license revenues might be expected and 
providing such seivice to rural areas which might be partly maintained by 
revenues derived from urban areas. 

After the reluin of Mr. Kirke to lingland, one of the B.B.C. engineers 
Mr. Cioyder was a[)pointed as the Chief luigineer in Augirst, 1936. Mr. CJoyder 
did not fully agree \\ illi Mr. Kirke’s scheme. Considering the iiriiited funds 
available to the Administration and the va.stness of area to be served, lie put 
forward a scheme of providing a basic second-grade short-w-ave service to the 
whole of the Indian continent and of supplementing the same by first-grade 
iiiedium-wavc service as funds become available. Kirke’s scheme was iiiodified as 
stated below^ In addition ti) the existing medium-wave transmitters at Delhi, 
Calcutta, Bombay and Beslivvar, installation of four lo-KW short-wave trans- 
mitters at each of the centres — Delhi, Calcutta, Bombay and Madras, one 5-KW 
short-wave news transmitter at Delhi, four 5-KW medium-wave transmitters at 
each of the centres — Lahore, Lucknow, Dacca and Trichinopoly and one 0‘25-KW 
medium-wave transmitter at Madras were decided upon. The four lo-KW short- 
W'ave transmitters were regarded as almost covering the whole of India and 
providing a second-grade service not uiivSativSfactory to the average listener both by 
day and night, (kiyder's scheme was accepted in preference to that of Kirke. ' 

ENGINEER I NO AND TECHNICAL ACTIVITIES 

OF T II E A. I. R. 

The Engineering and Technical activities of the Department designated as 
the All India Radio (or A. l.R.) since June, 1936, have been presented in nine 
sections covering about ^15 pages. They give an insight into the various classes of 
work w'hich has been carried out during 1936-39 by the three departments of the 
Engineering Branch, namely, Research, Installation and Maintenance, 
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The results of field-strength ineasureinents of llie uioduuii-wave stations at 
Lahore (5 KW), Lucknow (5 KW) and Delhi (jn KW) have been given. Direct 
ray measurements relating to Lahore have given average grunnd conductivity to 
be i '5 X io~^‘’ e.m.u. and field strength varying bet ween 34; and 59 inv /in over 
Lahore and between 7 and 8 inv/in over ueighbmiring district of Amritsar. 
Measureiuents relating to Lucknow liavc given average ground conductivity to be 
i’75 X io~' ® e. in. u. and field slreugth v.'nying lielween e8 and 518 mv/ni over 
Lucknow and between 3'5 and 6'5 niv/m f)ver L'awniM.ire. Measiireiiients relating 
to Delhi have given average giouud conductivity which vaiies from I'o x icr ' ■' to 
I'SXio'^'’ c.m.u.’s. For a 5-I\W station with normal ground conductivity j^re- 
vailing in Nortlieru India and assuming ao db signal/noisc ratio on 30% modu- 
lated signal, it will not be possible to maintain for 50% of time a range more than 
50 miles and for 95% of time a range more than ii miles. For 20-KW .station, 
the range is about 70 miles for 50% of time and about 20 miles for 93% of time. 

The measurements of indirect ray field strength of Indian medium-wave sta- 
tions at Delhi during dfukuess hours are not wilhout interest. In order to peimit 
measurements on difrerent stations to be compared, the measured iigures have all 
been reduced to the equivalent field strength for one KW radiated. The figure 
shows the inverse-distance curve as well as the C.C.I.K. curve for a broadcasting 
station with i KW radiated. The field strengths of Lahore, Lucknow and Bombay 
stations approach the C.CM.R. curve whereas those of Calcutta ami Pe.shawar fall 
short of this. 

It has been mentioned that the .shorl-uave .servjee in India is different from 
the short-v\ave .services radiated from the Fnropean countries. Here in India 
the purpo.se of the service is to serve the area in which lire station is located arid 
hence the wave-lengths must he so cho.sen that tliey do not give .skip di-staiice 
around the station, hhirtlier to jrrovide a short-wave service wilhout skip distance 
over relatively short distances, the transmitting aerial must radiate energy at all 
vertical angles. Air accouut of the experiments with half-wave horizontal dirtolc 
aerials placed at quarter wave-length and at half a wave-length above the 
electrical earth with reference to field strengths at nearer and farther iioinls 
has been given. 

A full section on the short-wave service is no doubt appropriate in the report 
of an administration which has adopted the Irasic scheme of providing second-grade 
sbort-wavc service to India but it seems to be lacking in several essentials. The 
language and the method of presentation leave much to Ire desired. The interest- 
ing results arrived at from experiments on half-wave horizontal dipoles placed half 
a wave-length and quarter wave-length above the earth could have been presented 
in a much better way by euclosing some (quasi-maximum) fie]d-slreugth--distance 
curves (up to 500 miles or more). Some results of ‘ fading studies would also 
have been valuable, 
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A short account of the measurement of atmospheric disturbances is given. 
After discussing the two types of atmospherics— ' long distance ' and 'local/ the 
method of measurement has been described. Results of measurement for July, 
August and September, 1037, are given in llie form of curves showing the signal 
field strength required in ,aV/m vvith 30% niodulalcd carrier to give 20 
signal /atmospheric ratio at various hours of tlie day on wave-lengths from 50 to 
400 metres. 

A descriiition of tlie Iransmitting equipment and the associated aerial syslen^ 
of the short-wave and medium-wave transmitters installed by A.l.R. has been 
given ill some details. The outstanding technical features have been brought oub 
clearly and a numl)er of figurc\s lias been enclosed to sliow schematic arrangement 
of connection, harmonic ijcrcentage and ficqnciicy resiioiise characteristics. An ^ 
account has been presenled in an interesting way of the Todai)Ur receiving centre, 
which not only consists of aerial systems and equipments for diversity receiUion 
for rebroadcast purposes hut serves also as the central observation station for 
periodical checking of wave-lengtli, field strength and quality of transmission of 
A.l.R. stations. The figure which shows automatic gain eontiol voltage ^'a^iations 
with one, two and three receivers (of the diversity equipment) interlocked is 
interesting. » 

The studio de.sigii jiraciice of the A.l.R. has been discussed at some length. 
After stressing on the need for a proper studio from listener's point of view, the 
three special reciuiremeiits of studios, namely, («) silence, (h) ventilation and 
(r) acoustics are discussed in details. 'J'he question of acoustic treatment then 
receives careful attention. Result of research leads to use of a ‘ vegetable fibre 
material ' for somul absoi'iition. With this material, instead of obtaining desired 
equal absorption over the audio-frequency range required, the absorption is high 
at higher frecpiencies and low at lower frequencies- To imiirove on this, the 
lower half of the total treated \vall area has been propc^sed to be supported on 
battens in such a manner that energy on l(>\\ei frequencies is absorbed. A number 
of reverberation time — frequency chai actcristics are given. 

The village receiver prolDlcm has received due attention- of the Research 
Department which has made experimental models based on their experiences of 
various difficulties. A tentative specification has been drawn up and circulated 
to the suppliers. 

R vS E A R C n E E r A R T M E N T 

In accordance with the reconnnendation of Mr. Kiihe, a research department 
was created in April, 1937, with a research engineer and a technical staff of a few 
workers. Measurements of field strengths and atmospheric disturbances, experi- 
ments on diversity reception and acoustic treatment of studios and development of 
village receivers no doubt go to the credit of this new department. However, one 
cannot help remarking at this stage that both quality and quantity of the research 



503 


Book, Review 

work Icavo much to be desired. A few cases of sig^nal strength survey or a 
few sets of measurements on the strength of atmospherics during a period of 
two to three months can hardly be classed as research work. 

The Research Department should be organised in a better way and 
strengthened for carrying on efficiently research and development works which are 
of immediate or future importance to the engineering side of broadcasting. The 
work and organization of the research department should be entrusted to a right 
sort of technical person having long research and development experience and 
capable of guiding research. A glance at the Appendix VII shows that the salary 
paid to the person entrusted with charge of the research department {i.e., the 
Research Engineer) is a mere pittance in comparison to those of the other “ senior 
headquarters officers ” of the Administration. It may be difficult to attract the 
right sort of person for this purpose on this meagre salary. Similarly, the 
research staff — engineers and assistants — should have better salaries than those on 
maintenance and installation sides to attract first-grade men. 

The head of the research department should be assisted by at least seven 
assistant research engineers and some twenty-five or more research assistants. The 
work of the research department could be carried out more or less under five main 
dii!isions as elsewhere : — (i) Signal strengths and Ionospheric measurements ; 
(2) Atmospherics aud Electrical Disturbances ; (3) Aerials, feeders and diversity 
reception ; (4) Studio acoustics, sound-recording and audio-frequency work ; and 
(5) Equipments and Developments. For some of the work of this Department like 
ionospheric measurements, atmospheric measurements, etc., it v'ould be desirable 
to open a few ‘ Observation Centres ' in different parts of the country in addition 
to those located at the Headquarters and to obtain records of observation over 
sufficiently long periods. Finally, the publication of the results of investigations 
in suitable technical journals should form a part of research engineer's work. 

CONCLUSION 

In concluding the review, we will mention that no small credit is due to the 
chief executives connected with the Indian broadcasting service in view of the 
extent of the problem and the nature of difficulties to be surmounted. It is a 
tribute to their great enthusiasm and tenacity of purpose. 

The report is profusely illustrated and contains numerous table, charts, graphs 
and diagrams supplying useful data. It is to be hoped that the next report will be 
published early. 



